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The Physics of Roentgen Rays. 



INTRODUCTION. 

1, As this is written with the specific purpose of explaining 
the production anil utilization of the R<>entgen raya for practical 
purposes only, it is not the intention to go into the theory or 
history of the apparatus required, but rather to limit the 
descriptions to how to use the same, instead of finding out why 
it acts in this or that manner. This does not mean tliat no 
explanation whatever will be given of the various apparatus 
used, but, rather, that suuh descriptions will be limited to the 
elucidation of the most essential parts'. 

So many methods and instruments have been used and recom- 
mended for Roentgen ray work that to do justice to these, even 
by a most condensed description, would only be confusing to 
the student, and would prevent him from fastening his attention 
to the more important parts. Fortunately, during the last year 
there has been a very active weeding-out process in operation, 
with the result that the efforts toward improvement and 
progress have been crystallized more or less around the vital 
points, instead of wasting energy and expense in seeking 
advantage in methods that, in reality, would be in a retrograde 
direction. In consequence of this elimination of non-successful 
apparatus, it will be easier for the student to get a free view 
over the field and to avoid instruments that, though made at a 
lai^ expense and for which great claims may be made, in 
reality, are less serviceable than cheaper instruments built on 
more rational principles. 

2, Classiflcatlon or Apparatus. — To facilitate the under- 
standing of the Ir.iding principles in Roentgen rny work, we will, 
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before proceeding to a more detailed description of apparatus, 
first give a general view of the whole modus operandi. 

The Roentgen rays, which proceed from a vacuum tube, are in 
reality the final transformation of electric energy, derived from 
any suitable source. First, then, we require means for con- 
verting mechanical or chemical energy into electric energy or 
an opportunity for receiving such energy already at hand. 

1. Sources of Electric Energy, — Among these may be counted 
ordinary voltaic cells, accumulators, dynamos, and, derived 
from the latter on a larger scale, the ordinary street current as 
used for lighting purposes. Finally, the static induction- 
machine. 

This energy, delivered in the form of an electric current, 
except that derived from a static machine, is not in a condition 
and has not the properties requisite for the production of 
Roentgen rays. It has to be changed, or transformed, and for 
this purpose sent through what are termed transformers. 

2. Transformers, — Among these the induction-coil occupies 
the first place. By its means the current of low pressure is 
changed into an intermittent one of many times higher pressure. 
With the static machine no transfonner is required, as the cur- 
rent derived from it is already in possession of so large a pres- 
sure that a further increase of the same is unnecessary. 

Having obtained an electric current of the requisite pressure 
and volume, it will now have to be transformed into Roentgen 
rays by means of the Roentgen ray tube. 

3. Roentgen Ray Tube. — This receives the electric current 
and transforms.it into ether waves of extremely high frequency, 
much higher than ordinary light, and of much shorter wave- 
lengths. We have then Roentgen rays. 

These, in themselves, are invisible to the human eye, and 
means must be found to change their wave-lengths into a form 
to which the eye is able to respond. Various salts are able to 
do this and when they are used as a coating on screens of suit- 
able form, we have what is termed ixjifiorcitvent screen. 

4. Fluoroscojye. — A screen plained at one end of a tapering 
box with an aperture at the other en<l, alhnving the eyes to 
observe the screen and preventing ordinary light from reaching 



§ 13 THE PHYSICS OF ROENTGEN RAYS. 

either the rear side of the screen or the eyes, constitutes what 
IB ordioarily called a fiuoroKope. Large screens are also used 
separately; then the whole room must l>e darkened. The 
utilization ot the Huoroscope in examining the conditions and 
iictione of parts of the human body is called /fwojoscopy. When 
it 18 a question of recording the shadows made visible by the 
SunroBcope, we have to deal with skiagraphy. 

5. Skiagraphy. — This process is, in reality, simply photo- 
graphic, because the means used in recording the shadows are 
the ordinary sensitive plates used in every-day photography. 
Many of the platee used are especially made for Roentgen ray 
work, but even then the process of developing and fixing are 
identical with those of ordinary pliotography. The final process 
of reproducing the negative on various photographic prinling 
papers comes uuder the head of pure photography, but will be 
included here ho as t^) describe the Roentgen ray manipulations 
ill their entirety. 

SOURCES OF ELECTKICAL ENERGY. 

VOLTAIC CELLS. 



KLECrniCAI^ ITinTS ANB TERMS. 

3. Pressure Biid Rate of Flow.^ — Before proceeding to 
consider the various voltaic cells, it may be well to first men- 
tion the main properties of the electric current. The amount 
of electrical energy of which the current may be in possession 
depends on two factors, pressure and nUt ofjlow. The compar- 
ison of a current of electricity with a current of wat«r may 
aBfliat in understanding the intluence of these factors on the 
cbBract«r of the current. 

For instance, a high waterfall may send a relatively email 
quantity of water through a tulie and supply a small turbine or 
Pelton waterwheel lielow with several hundred honjepowura. 
On the other hand, we may see a river with a low dam sending 
a targe volume of water through several large turbines. The 
power developed in cither case may be the same, but what 
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the latter arrangement lacks in pressure it has to make up in 
the rate of flow. 

In the flow of the electric current, we find these same differ- 
ences caused by pressure and rate of flow. For some purposes, 
as, for instance, operating a Roentgen ray tube, a current is 
required of very high pressure, and relatively small strength, 
while for others, such as electroplating, a current of great 
strength, but of very low pressure, is more suitable. 

4. Electromotive Force. — While the term pressure is 
largely used when referring to an electric current, it is custom- 
ary to also use the terms voltage, tension, and electromotive force. 
The latter is usually abbreviated to E. M. F. As a unit for 
measuring the pressure, the volt is used, and the amount of 
pressure ascertained by the use of a voltmeter, 

5. Amperage. — In place of the term qiuintUy, or rate of 
flaw, when speaking of an electric current, it is common usage to 
employ the terms amperage, strength, or intensity. As a unit, 
we employ the ampere, and find the amperage of any current by 
means of an ampere meter, or, as usually abbreviated, an ammeter. 

6. The Watt. — That amount of energy of which any electric 
current is in possession, depends on the product of its amperes 
and volts. The unit of electric power is the watt and is 1 volt 
X 1 ampere; 746 watts constituting 1 horsepower. For 
instance, a current may have a pressure of 10 volts and a 
strength of 5 amperes; then its power is 10 X 6 = 50 watts. 
The voltage and amperage may be varied infinitely, but as long 
as the product of the two remains constant, the power is the 
same. Thus, a current of 500 volts and .1 ampere is of the 
same power as one with .2-volt pressure and 250 amperes 
strength. In both cases the product is 50 watts. 

7. Resistance. — A current of water flowing through a tube 
is subject to a loss of pressure by reason of the friction between 
the fluid and the walls of the tube. It may, therefore, reach 
the end of the tube with only a small fraction of the pressure 
that it originally possessed. An electric current is also subject 
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to such reBiBtance when passing through a conductor, niid will 
lose more or lees in presBwre, depending on the nature and 
dimensions of the conductor. 

8. The Ohm. — The amount of electric resistance by which a 
conductor obstructs the passage of an eiectric current ie 
expreeeed in ohmif, which is the unit of resistance. The more 
ohms resistance a conductor posseBBes, the more extra or 
surplus pressure the current must have in order to reach the 
end of the conductor with a sufKcient voltage to do the work 
required of it. Al! conductors offer some resistance, but when 
the same are short and of large diameter, tlie resistance may be 
80 small as not to recjuire consideration, while, on the other 
hand, when the conductor is long and of small diameter, as in 
an induction-coil, the loss may be verj' great. 

9. I>oss In Voltage. — The loss in voltage that an electric 
current suffers when overcoming resiBtanee is usually trans- 
formed into he.at, and if this heat is excessive, it may carbonize 
the insulating covering of the conductor, or it may even rise 
to such a height as lo melt the conductor. 

10. Positive and Negative. — A diBliuction is made in 
the direction in which the current is flowing. When the current 
is flowing Old of a conductor, it is aiiid to flow in n poBitive 
direction, and the end from which it issues is called the 
ponUve terminal, or pole. When flowing intii a iwnductor, it is 
going in a negative direction and that end of the conductor ie the 
negative termiiinX or pole. These distinctions hold true whether 
cells, dynamos, induction-coils, or static machines are con- 
sidered. In these sources of electric energy, those parts from 
which the current emerges are always called the positive termi- 
nals, binding- posts, or poles, whatever term applies to the 
apparatus in question. The other terminal, then, is negative. 

11. Anode and Catho<le. — When considering apparatus 
in which an electrolytic action takcB place,or when the current is 
Bent through a vacuum tube, it is customary to term the positive 
pole an amide, and the n^ative, a cathode. 
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12. Direct and Alternating:. — So far we have supposed 
that the electric current was continuously flowing in the same 
direction. This is not always the case; it may be that it 
periodically changes its direction in the same manner as sl 
pendulum, oscillating backwards and forwards. A current of 
this nature is called alternating^ while. one that does not change 
its direction is termed a direct current. 

13. Connections. — If an electrical device is to be con- 
nected with a source of electric energy, such as an induction- 
-coil with a storage- battery, the positive terminal of the source is 

connected with the negative terminal of the device in which the 
energy is to be utilized, so that the current passes from the 
source into the receptive device and then again from the latter 
into the negative terminal of the former. 



SIMPLK VOLTAIC CELL. 

14. Parts of a Voltaic Cell. — We may, in a general way, 
speak of the sources of electric energy as sources of electric pres- 
sure. Whenever an electric pressure has been produced, a 
current will flow, if it is given a free path, and the strength of 
the current will be governed by the resistance it finds in its 
path or circuit. As an elementary example of such sources 
of pressure we may take the fundamental voltaic cell. 

It consists, as illustrated in Fig. 1, essentially of a vessel A 
containing saline or acidulated water, in which are submerged 
two plates of dissimilar metals C and Z, or one metal and a 
metalloid. 

The two dissimilar metals, when spoken of separately, are 
called voltaic elements; when taken collectively they are known 
as a voltaic couple. An electrolyte is a compound chemical sub- 
stance in solution, and which undergoes decomposition when 
traversed bv an electric current. A voltaic hatterij is a number 
of simple voltaic cells j)roperly joined together. The terminals 
of a cell are the parts of the j)]ates outside of the electrolyte. 

It should be remembered that the polarity of that end of the 
plate or voltaic element that is acted upon by the electrolyte is 
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always of opposite sign to its terminal. For instance, in (he 
case of the zinc-and-copj>er couple illustrated in Fig, 1, the 
terminal of the zinc plate Z, or that 
part oHteide the electrolyte, would 
be HjKjken of as the iie<jalire ter- 
minal, whik- that part of the copper 
plate C outside the electrolyte 
woul<i be spoken of a8 the po»Uire 
terminal. When mention ia made 
of the positive or negative jiole of 
a cell, reference is always had to the 
exposed part of the elements, nml 
no attention is paid to the i^iil>- 
merged parts. The eymbols -\ 
and — refer to the parts of the 

elements not contained in the electrolyte, and are ithvays of 
the opposite sign to the part« submerged in the electrolyte. 




15. Chemical Action OcpurrltiK In a Simple Cell. 

Ah soon as exterior connection, by means of a wire, is made 
between the two plates, the plate of zinc Z is attacked by the 
acid and a |>art of it dissolved into a salt of that metal 
called dtdfatf uf zinc. Ijirge quantities o( hydrogen gas are 
liberated around the copper and come to the surface at that 
point. The chemical energy liberated by the zinc is trans- 
formed into electrical energy, with the result that a difference of 
electric ]irciMiure or potential is created between the two plates. 
This difference causes an electric current to flow from C to Z 
through the wire in a direction corresponding to that of the 
arrow. A removal of the wires will interrupt the current, but 
the pressure will still exist, ready to continue the current as 
soon as the opportunity ofiere itself. 

16. Ohm's IjBMr. — The amount of current that a cell is 
able to furnish depends on its pressure, or E. M. F., and the 
reeistance of the circuit. That is to say, |he current is directly 
proportion a 1 to the E. M. F. and inversely to the resistance of 
the circuit. Arranging these relations in the form of an 
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equation, we have the fundamental Ohvi's law, which is: current 

E M F F 

= P ' . - — '-. Usually this is abbreviated to the form: C = -^, 
j\esiSvance aC 

in which C stands for current, E for E. M. F., and -R for 

resistance. 

COMBINATIONS Or CEL.I.S. 

1 7. Main Principles. — Whenever the voltage or amperage 
of an electric source, such as a voltaic cell, is insufficient, a 
combination of several such cells may be made either for the 
purpose of increasing the voltage, or the amperage, or both. 

Let us take an example from every-day life to make such a 
combination more easily understood. Suppose we have a long 
ladder leaning against the side of a high building, and that on 
this ladder are situated about 20 men that are engaged in pass- 
ing a bucket filled with water, from hand to hand, until it 
reaches the top, where it is emptied into a pipe reaching down 
into the cellar. When this tube is full and maintained so, the 
column of water that it contains will evidently be in possession 
of a high pressure at its base, so that a motor sitilated in the 
cellar may be operated by it. in this instance we have 1 
bucket on which each man in succession expends a certain 
amount of power, each adding gradually to the amount of poten- 
tial energy of which it is in possession, until it reaches the top 
and has received its maximum energy. 

Now, let the men descend and place themselves side by side 
in one row and let each one be provided with a bucket that he 
is recjuired to fill from a large tank, to lift shoulder high, and 
empty into a common trough. From the latter the water flows 
toward a small waterwheel, which is set in rotation. In this 
combination we have 20 buckets lifted to the same height and 
contributing to one stream, while in the first instance 1 bucket is 
lifted to a height 20 times greater and only delivering a quantity 
of water corresjKinding to that of 1 bucket. These two arrange- 
ments are not the only ones possible, a combination of the two 
may be eflfecteii in many variations, such as 4 men high in 
6 rows or 10 men high in 2 rows, etc., in either case varying the 
final pressure and rate of flow. 
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Having familiarized ouTBelvee with these preliminaries, we CAD 
now easily underalaiid the effect ])rodiK'e<.l when vultaic cells 
or other electric Bourcee are arranged in varioiiB combinatione. 

18. Cells In Berles. — Let Fig. 2 represent 4 voltaic cells 

in which a are poaitive and b negative tenninals. If, now, the 

cells are connected by means of short wires c in the manner 

indicated, it is clear that the current from cell c,, say 2 

2fo/fs ♦ 2lb/n * Pyo/fs * 2¥otf3 - ayoita 



- Z Ampsrts 



amperes, will pass in succession through each of the cells r,, 
c,, and p, , similar to the one pail of water lifted in BUcceseion 
by 20 men. The quantity of water remained the same, but an 
increase in energy was supplied by each man. We have here 
the current remaining of the same strength, being that of the 
one cell c, ; but each cell emits the current with its own pres- 
sure, that of 2 volts, added to it. The current will, therefore, 
■ leave the cell Cy with 4 times the pressure it had in cell c„ 
or 8 volts, but it will show no increase in strength or amperage. 
When cells are arranged in this manner, they are said to be 
arranged in »ene». 

19. Cells In Parallel. — Now let the cells be arranged 
BO afi to correspond with the combination when all the men 



8 Amperes 




were standing side by side in one row, each provided with 
a bucket. This is shown in Fig. 3, Here all the positive 
poles a are united by the cininectors r, to a common con- 
ductor d. All four cells are now sending their individual 
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currents of 2 amperes to d, where they are united into a cur- 
rent 4 times the strength or amperage of each cell, hut only 
with the voltage of one cell, or 2 volts. The current returns 
to the cells through conductor e and connectors c,. When thus 
combined they are in parallel or mulliple. 

20. Difference Between Combinations in Series 
and Parallel. — Arranging the cells in series we have the 
current increased in pressure in proportion to the number of 
cells included, but no gain in amperage. On the other hand, 
when placed in parallel, the current strength, or the amperage^ 
is increased corresponding to the number of cells combined, 
but no gain in pressure is obtained. 

21, Combination of Series and Parallel. — Bv com- 
bining the two arrangements, as in Fig. 4, we may obtain an 
increase in both amperage and voltagi*, depending on the 
number of cells included and the manner in which they are 
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Fig. 4. 
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4 Amperes 
4 Vo/ta 



arranged. In Fig. 4, cells r^ and c^ are placed in i<cr\€^ and, 
likewise, (\ and r^, and these two rows are conibined in 
paralleL Such combinations are called parallel srries. FAihvr 
of the series c,, r, or c^, (\ multiplies the pressure by 2, pro- 
ducing 4 volts, but leaving the amperage unchanged, while tlie 
two rows combined send a current of twice the strength of one 
cell or 4 amperes, through conductor <i fn all the figures, 
-|- and — signs indicate the polarities, and arrows, the directions 
of the currents. 

22. Ampere-IIours. — When reference is made to ampere- 
hours, it is to be understood as meaning the number of hours 
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that a voltaic or storage cell will deliver a current of a certain 
amperage, which, again, will depend on its capacity. For 
instance, 100 amiiere-hours may mean 1 ampere for 100 hours, 
2 amperen for 50 boura, 4 amperes for 25 hours, and bo on. 
IIow much the amperage may be increased beyond this will 
depend on the construction of the cell or accumulator. Some ■ 
may safely deliver a much heavier current, while others may 
not, and would be ruined in so doing. 



23. 



(■OMMKmiAI, VOI.TAIC' CET-I^. 

Kdlson-Tjilouile Cell. — If the manipulator of i 



Roentgen ray apparatus is situated away from large cities, in 
a place where the electric current cannot be fiimiBhed from a 
central station, he may be obliged tfl fall liack on those sources 
of electrical energy that formerly were used almost exclusively, 
that is, on the voltaic cells. Some of these offer less conve- 
nience than others, but they all suffer from the same fault, that 
of Ijeing comimratively expensive in their mainlenance and 
more or less troublesome. There are few among the various 
varietice of primary or voltaic cells that arc suitable for the 
heavier work of supplying the necessary current for an induc- 
tion-coil, Among these may be mentioned first, as one of the 
most efficient, the Eilimn- fAitande cell. This is made up of a 
plate of cupric oxid held in copper frames enclosing the edges of 
the plates. The positive element of the cell is zinc, and the 
electrolyte a solution of potassium hydrate, or caustic }>otash. 
Two plates of zinc are used in most forms of this cell, one on 
each Bide of the cupric-oxid plate. 

A cell of this type, having a capacity of 150 ampere-hours, is 
shown in Fig. 5. The cupric-oxid plate C is suspended iu a 
copper frame F, F between the two zinc plates X, Z, which are 
hung from each side of a lug on the jwrcelain cover of the jar. 
The sides of the copper frame of the osid plate are carried 
through the cover supporting the plate, and form terminals IS, IS, 
either of which may lie used as the positive terminal of the 
cell. That part of the copper frame which projects above the 
plate C is protected from the action of the liquid by tubes of 
iiiflulating material T, T. A binding-jiost fl,, on the bolt that 
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B»p|wrta the two zinc plntot!, servi.':; n 



( the n^utive tfrniinal, 

A layer of heavy 

paraffin oil ia used in 

this cell to prevent 

i^^'E'^SHr I' ''~ll''< ^^^^^9^ the uctioii of the air ' 

(L^ ■"' *' -^^^r^^^ on the solution, and 

^* ^__^ '..l,^^^H^^ also to prevent the 

solution from creeping 

up the zinc plates. 

The 150-arapei-e- 
hour cell, shown in 
Fig. 5, will give a cur- 
rent of 3 amperes at & 
presBure of about .7 
volt for 50 hours, 
with one "dtarge" of 
zinc, caustic potash, 
iind oxid. They are 
very constant and are 
able to furnish a 
'° large current. Larger 

sizes will furnish the same current at the same pressure for 100 
or 150 hours, respectively. They may deliver 6 amperes, if 
necessary. 

24. The Ilari'lsou Cell. — Another cell capable of a large 
current is the Han-imn cell. Its |iositive element is granulated 
zinc in an electrolyte of dilute sulfuric acid. The negative 
element is surrounded by a peroxid of lead. The voltage is 2.7 
and the internal resistance 1 ohm. The capacity of the No. 3 
cell is 300 ampere-hours. 

25. The Greuet Cell. — Still another cell, which may be 
used, is the bichrumaie, or Orenet cell. This cell will not work 
as long before it needs recharging, but will demand this 
after a continued service of 2 hours, if it furnishes the current 
for an 8-inch coil. 

This cell may either be arranged in single units and con- 
nected in series, or it may be made into the form 'jf a 
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plunge-battery, when all the elementB are fastened to one com- 
mon bar, which will simultaneously lift them out of the elec- 
trolyte when the hattery is to be put out of action 

Fig. 6 shows the familiar t\ pe of the Grenet cell It con- 
siBtfi of a lx>ttle- shaped jar with a hard rubl er or porLeliin 
cover, friim which two flat (arbon pUtes C C are suspended 
parallel to, and a short 
distance from, each 
other. Betwee 




bangs a zinc plate Z, supported by ii sliding rod A', that may 
be drawn up until the zinc is entirely out of the liquid. This 
rod IB held in any [wsition by the thumbscrew T. On lop of 
the brass rod is a binding-post B,, the other terminal of the 
cell being the binding-post B, which is connected to the twc 
carbon plates C, C. The electrolyte ia composed of 3 parts of 
potassium bichrnmati- dissolved in 18 parts of water to which 
is added 4 parts of suifurit; acid. The E. M- F, of the cell is 
1.92 to 2 volts, 

26. Thf Gravity Cell. — Another form of cell that ie quite 
useful, is the so-called graeilt/, or crimfout, cell, illuslrated in 
Fig. 7. The zinc Z, from the shape of which the cell has 
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received its name, hangs from the edge of the glass jar; the 
copper C is connected to tlie external circuit hy the wire ir, 
which is covered with an insulating material on those parts 
submerged in the licjuid. When the cell is set up, the copper 
plate is surrounded with crystals of cupric sulfate until it is 
completely covered. The zinc weighs about 3 pounds, and 2 
pounds of cupric-sulfate crystals are re(juired to charge the cell. 
The E. M. F. is about 1.07 volts. The maintenance of this cell 
is simple. 

I 

27. Bunsen Cells. — Bunsen cells have also been used for 
operating coils, but they are rather objectionable on account of 
their odor. 

Voltaic cells are at prtMsent rarely used for heavy work, but 
rather more for charging accumulator, or storage- batteries. They 
can then do their work more slowly, without being strained to 
their utmost capacity, and at a higher efticiency. 

ACCUMUIiATORS, OR 8TORAGE-1JATTERIE8. 

CLASSES. 

28. Dlffereneo between Primary Cells and Accii- 
inulators. — There is this diflerence between a primary and 
a storage, also called a secondary, battery, that while the first is 
al)le to furnish an electric current primarily as a result of 
chemical action taking place in the battery, the storage-batterv, 
on the other band, must first have a chemical action produced 
in it by means of an outside electric current. After this action has 
been comi)lete(l, the source of electrical supply is disconnected. 
The battery is now seeking to return to its original cbeniical 
condition, and will, in doing so, return the greater part of the 
current that was sent into it and caused said chemical decompo- 
sition. We see, then, that it is not electrical but chemical 
energy that is stored in the battery, an«l that it is this energy 
that is changed into electrical energy. 

An advantage of the storage-battery over the primary battery 
is that in the; former the rate of this transformation can be 
varied within wide limits and heavy currents furnished for 
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short lengths of time that would be far beyond the capacity of a 
primary battery of the same size. 

Whenever it is possible to have storage-batteries conveniently 
charged, they are to be preferred to primary batteries for the 
purpose of operating an induction-coil. 

In case an incandescent-lamp circuit is not available for 
charging storage- batteries, then a compromise must be made 
and some style of primary battery used for the purpose. 



29. Chlorld Accumulator. — There are various classes of 
accumulators in tlie market of more or less efficiency, but, for 
Roentgen ray work, the chlorid 
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accumulator has so far been 
used almost exclusively and 
has given very good satisfac- 
tion. It has the advantage 
over the older forms of the 
Plants and Faure class that it 
will stand harder usage and ' 
give a heavier discharge with- j 
out any liability to distortion 
or buckling. With ordinary ' 
care they will last for years. 

The plates of this type of 
storage-cells are made as fol- 
lows: A mixture of zinc 
chlorid and lead chlorid is i^ 
melted and run into molds 
that form it into cylindrical 
pellets, or pastils. The pellets ^ 
are placed in a second mold, 
and an alloy of lead and 
antimony is melted and forced 
between the pellets under 
heavy pressure. When this 
cools it forms a plate, binding together all the pellets of 
zinc and lead chlorid. After being given some supi)lenientary 
treatment, the requisite number of plates are set up together 
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to form a cell, positive and negative alternating, and con- 
nected to conunon conductors as shown in Fig. 8, where the 
plates marked N are negative and those marked P are posi- 
tive. The number of negative plates is always one more than 
the number of positive plates, so that each side of each positive 
plate has presented to it the surface of a negative. From a 
corner of each ])late a lug projects; the lugs on the nagative 
plates are joined to a connecting strip, as represented at T, and 
the lugs on the positive i)lates are similarly joined to a connect- 
ing strip T\ These connecting strips are extended beyond the 
limits of the cell, and serve to connect the various cells of the 
battery together, as shown at C, the connection being made by 
a brass bolt, which firmly clamps the connecting strips together. 

The plates are placed in the jar J, and they rest on a support 
made from two strips of wood (usually boiled in paraffin) of 
triangular section S, S. These support the plates at such a 
height that any loosened particles of active material fall below 
the level of the bottom of the plates, thus preventing possible 
short-circuiting. When in position, the electrolyte is poured 
in until it reaches the line L L, thus covering the plates. The 
plates are usually kept separate by blocks of insulating material. 

These accumulators are classified under various types and the 
selection of the proper type depends on the work they will have 
to perform. 

The following data regarding the type D^ may be of interest. 
The normal charging rate of the same is 5 amperes; when dis- 
charging, it may do so in: 

8 hours at the rate of 5 amperes =-- 40 ampere-hours. 
5 hours at the rate of 7 amperes = 35 ampere-hours. 
3 hours at the rate of 10 amperes =^ 30 ampere-hours. 

Of course, it may be discharged at any desirable rate below 
5 amperes, when its ampere-hours will be correspondingly 
increased. It is seen that by increasing the rate of discharge 
its total capacity is decreased. The charging current of these 
cells is about 1 ampere for each 12 square inches. 

30. Cliar/ifinj? Aecumulatoi-s. — When an accumulator 
is connected with a source of electric energy, such as a voltaic 
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battery, for the purpose of being charged, its positive terroinal 
should be connected to the positive terminal of the battery. In 
charging 5 cells of thiti clafisiiy means of primary celle, 16 such 
as the Harrison type may be required, arranging them in 
groups of 3 in parallel and 5 of thei^c grou|}s in series. They 
would then be uble Itt send a current of 4 amperes through same. 
It is suppoaetl that tbe eapacity of the latter is 40 ampere-hours. 
By adding 10 per cent, to this, nmking a total of 44 anipere- 
hours. we will find the time required tor charging to be 
*|t^= 11 hours. The capacity of these primary cells being 
300 ampere-hours, they woukl Ije able to maintain a charging 
at this rate for about 225 hours. 

As a further example of charging accumulators, let us suppose 
that the latter consists of 8 cells with a maximum voltage 
of 2.5 volts per cell. Total voltage will then be: 2.5 X 8 
;= 20 volts. If the cells be discharged down to 1.8 volts 
per cell, Iwlow which point tbe discharge should not continue, 
then the minimum voltage would be 1,8 X 8 = 14.4 volts. 



31. CounterElectromotlveForce.— TheE. M. F. otthe 
accumulator when acting in opposition to that of the charging 
current is called a counter E. M. F. In this instance, the 
counter E. M. F. is 14.4 volts at banning of charge, increasing 
to 20 when tbe charge is completed. The internal resistance of 
these cells being low, the charging cells should also be so and 
with a high E. M. F. 

32. Kxnniples of ChargliiK. — For charging pur[>0Be8 we 
may also select those of the gravity class, of which many good 
varieties are in the market, or bkhromutc cells. Utilizing the 
latter, in which each cell has an E. M. F. of 1.5 volts and 
.06-ohm resistance, and taking 14 cells, tbe total E. M. F. 
would be 14 X 1.6 — 21 vulls, with an internal resistance of 
14 X .06 = .84 ohm. I.ietting the total resistance of the pri- 
mary and slJirage cells amount tu 1 ohm, we would, if all the 
cells were placed in series, have a current at starting, as follows: 

„ 21-14.4 

C = . = 6.0 amperes. 



J 
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When the work of charging is nearly completed the current 
will be 

n 21-20 , 

C/=- — . — = 1 ampere. 

Estimating the average charging current to be 3.6 amperes 

and the ampere-hours at 180, and adding 10 per cent, to the 

198 
latter, we find the time required to be -^-^ =^ 62 hours. 

o. o 

By increasing the number of cells to 25, their total voltage 

would be 25 X 1.5 - 37.5, and the average current-strength 

12.25 amperes. The charging would now be complete in about 

16 hours. 

33. Gassing. — When the charging is complete, the hydro- 
gen and oxygen gases, which are developed by the current, can 
no longer be taken up and chemically combined with the plates.' 
They will therefore escape; the so-called *^ gassing'' takes place 
and the water assumes a milky appearance. Continuing the 
charging current beyond this point, that is, overcharging the 
cells, does no harm to the plates, but the energy represented by 
the current is wasted. 

It is importimt not to increase the charging rate beyond that 
recommended by the manufacturer, otherwise the developed gas 
would not have time io unite with the positive and negative 
elements, and *' gassing'' would occur before the cells were 
fully charged. This would cause a Wiiste in electric energy 
with possible injury to the cells. 

34. Discharge.:— When the charging current is dis(;on- 
tinued and the external circuit of the cell completed by means 
of (;()nducting-wires through some electrical device, then a 
current will How in the opposite direction to that of the charging 
current, the ]>ole that was connected to the positive pole of the 
primary battery now acting Jis a ])ositive pole. If there should 
be any uncertainty as to which is the positive pole of the 
primary or storage-battery, then it can at once be determined 
by dipping the ends in water slightly acidulated, without letting 
the ends toucli each other. The water will then be decomposed, 
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and the increased amount of hydrogen gas developed at the 
negative pole will at once mark the latter as suoh. The 
poHiUve and n^ative pole of a storage-battery should never be 
connected directly without some intervening resistance. The 
rate of discharge would otherwise l)e so heavy as to perhaps 
permanently injure the battery. 

35. Testing of Acctimulaturs. — In case the discharge 
current from an accumulatt>r Qoea not show the usual strength, 
one of the cells may have had its connections broken or a " buck- 
ling" may have occurred. A 2-volt incandescent lamp pro- 
vided with conducting- wires may then in turn be connected to 
tlie terminals of each cell, and its condition ascertained by the 
glow of the lamp. Should no glow take place at one of the 
cells, then this one should be disconnected and the trouble 
ascertained. The total voltage of a battery may also be found 
by connecting a lamp to its main terminals possessing a voltage 
corresponding to that found by multiplying the total number of 
cells by 2. 



36. Other Methotis of CliarglDg. — We have here men- 
tioned only the one combination of placing the accumulator 
cells in series, as this is the simplest and quickest method to 
pursue. There may be conditions in which it is not possible to 
supply the high voltage required in the above example. In 
that case each cell may be chained separately or in combinations 
of 2 or 3, as the case may be. Or, if a chaining current can be 
obtained of low voltage, but of high amperage, then all of 
ttie accumulator cells may be placed in parallel. Supposing the 
available amperage to be about 98, then it would take about the 
some time for charging as in the example cited above, when all 
the cells were in series, that is, in about 15 hours. 

II a small dynamo is utilised for the purpose, then it is pref- 
erable to have one that is shunt-wound. This would prevent a 
reversal of i(e [>olarity by a possible slowing down in speed, in 
which case the current would return from the celts. 

In Germany, Gulcber's thervufbatierit* have been used with 
■ome success; they are durable and practical, though unable to 
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give a high voltage and amperage, but they may, nevertheless, be 
useful for slowly charging storage-batteries. The largest single' 
battery gives a current of 3 amperes with 5 volts pressure, and 
has an internal resistance of .65 ohm. Illuminating gas 
required for heating amounts to 6 cubic feet per hour. They 
have this advantage, that after lighting the gas-burners they 
are at once ready for use, require no attention, and may be left 
unused for months without loss in efficiency from deterioration. 

37. Edlson^s Storage - Battery. — Lately, Edison has 
manufactured a storage- battery that is claimed to be far superior 
to any other existing at present. Of the advantages claimed, 
the following may be mentioned: 

1. Absence of deterioration by work. 

2. Large storage capacity per unit of mass. 

3. Capacity of being rapidly charged and discharged. 

4. Capacity of withstanding careless treatment. 
6. Inexpensiveness. 

The negative pole is attached to an element consisting of a 
finely divided compound of iron with an equal volume of graph- 
ite flakes, and the positive to one consisting of superoxid of 
nickel; it may therefore be called a nickel-iron cell. The elec- 
trolyte is potash, preferably a 20-per-cent. solution of potassium 
hydroxid, the freezing temperature of which is 20° below 
zero, Fahrenheit. 

The initial voltage of discharge is 1.5 volts, while the mean 
voltage of full discharge is approximately 1.1 volts. The nor- 
mal charging current rate is about 8.64 amperes perscjuare foot. 
Charging and discharging rates are alike and may be 8^ or only 
1 hour without any apparent detriment. 

The positive and negative plates are mechanically alike, and 
consist of a thin sheet of steel in which rectangular holes are 
stamped. Each hole or opening is filled with a pocket or shal- 
low box containing the active material; the box is perforated 
with numerous small holes to admit the electrolyte, but conceals 
entirely the contained active material from view. The cell may 
be fully discharged to the practical zero point of E. M. F. 
without detriment. 
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INCANDESCENT-IiAMP CIRCUITS. • 



REGULATION OP CHARGING CURRENT. 

38. Incandescent Ijamps. — When connection can be 
had with an incandescent-lamp circuit, then this should always 
be utilized in charging accumulators, as it is not only much 
more convenient, but also more economical. As the amperage 
of this current would be very heavy for charging purposes, 
some resistance must be inserted in the circuit to reduce the 
current to its proper strength. For this purpose, metallic wires 
of varying lengths and diameters, constituting a so-called rheo- 
stat, may be used; but, ordinarily, it is more convenient to let 
the current pass through a certain number of incandescent 
lamps and in this manner provide the necessary current- 
strength. 

A 16-candle-power incandescent lamp will pass a current of .5 
ampere, and a 32-candlepower lamp, 1 ampere. By varying a 
number of these lamps in parallel, any required amperage may 
be obtained for charging purposes. 

39. Connections. — Fig. 9 gives a diagrammatic view of 
how lamps and accumulators may be arranged, a and b are 
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the main wires of the lamp circuit, and the arrows indicate the 
direction of the current through the lamps, .switch, ;ulaj)ter, and 
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accumulators, back through conductor b into the main circuit. 
If 16-candlepower lamps are selected, then 10 of these will 
allow a current of 5 amperes to pass through tlie accumulators 
when the latter are arranged in series. The adapter is a plug- 
like appliance that may be inserted in a stationary socket and 
simultaneously connects the positive and negative wires of the 
accumulators to those of the main circuit. Two fuses are 
installed on the switch to insure against an excess of current, in 
which case they will burn out and break the circuit The 
accumulator should first be, respectively, connected and discon- 
nrcted before the switch is closed or opened. To give a 
detiiileii description of how to manage storage- batteries would 
be unnecessary, as the makers always supply this information. 
It should be added that, in general, there would be no necessity 
in using storage- batteries for operating the induction-coil when 
an incandescent-lamp circuit is installed in the operating-room, 
though some operatt:)r8 prefer even then to use storage- batteries, 
claiming to obtain better results. Ordinarily this would only 
be necessary if the coil had to be operated some distance away, 
whore nothing but storage- batteries could be utilized. 

40, Rheostat. — When using the incandescent- lamp cur- 
rent for operating the coil, some means must be had for regu- 
lating the current-strength similar to those used when charging 
storage- batteries. Preferably a variable resistance, made up of 
various lengths of iron or German silver wire, is then resorted 
to. These are combined either in a box or plate, over which a 
lever may })e moved from one position into another so as to 
include shorter or gn^ater lengths of these wires, thus intia-posing 
a lesser or greater resistance in the circuit. The reduc^tion in 
jnessure that tin* (current suiTers by passing through su(^b resist- 
ances is rather wasteful when the j)ressure is that of the ordi- 
nary lamp circuit. All pressure not^wanted in the coil is then 
wast<*d in the form of heat in the resisiance-box. Resource is, 
therefore, often had to other means for bringing on the reduc- 
tion in ])rcssure without so much loss. As such, the motor- 
generator has been found very serviceable. 
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MOTOR- GENEIlATOIt. 

41. Construction. — The motor- generator in a combina- 
tion of a mutor and a dynamo in one frame with one sot tit 
field-magnets and two armatures. One of the latter is used as 
a motor, ami aete the other armature in rotation, generating an 
E. M. F, of its own entirely independent of that in the main 
circuit and constituting part of a separate circuit. By selecting 
the proper size of wire and coils for the latter armature, it in 
possible to have a current of any desired pressure in the latter 
drcuit. Thus the pressure of 100 volts in the tamp circuit may 
be changed in the generator to 10 volts with an efficiency of 80 
to 90 per cent, conseqiiently without the loss in heat, as in the 
rheostat. This is not the only advantage that a motor- gen era tor 
may possess. It may also take an alternating current, which is 
not suitable for operating induction-coils, and change it into a 
direct current, the alternating current operating the motor- 
armature and the direct current emanating from the generator^ 
armature. 



GENGRATORS. 

42. Method of Operation. — In localities where no con- 
nection can be made with commercial lighting circuits, it may 
be possible to have a small independent generator of about 
J horsepower that may be operated by a water-motor, if a pres- 
sure of at least 10 pounds is present in the water-mains. For the 
utilization of the existing water-power, the Pelton water-wheel is 
superior to any other motor. If, for instance, a water pressure 
of about 40 jiounds is available, which is usually the case, then 
a motor of 6 inches in diameter will furnish ^ horsepower. 
This motor may be situated in the cellar and be directly con- 
nected to a small dynamo from which the current may be sent 
through the induction-coil. Or, the dynamo may be used for 
charginga number of accumulators, which will be available at any 
time for operating the coil. In case water pressure should not be 
at hand, then a small gas or gasoline engine may be installed 
and its jwwer utilized in running a J-horsepower dynamo. 
The current furnished by the latter may be sent directly 
through the induction-coil, or, by winding the dynamo for low 
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voltage, it may charge 4 or 5 storage-cells and these be used with 
the induction-coil. Dynamos and engines constructed with 
this purpose in view are in the market and may be had 
with the necessary directions for their installation. 



STATIC MACHINES. 



MAIX PRINCIPLES. 

43, Comparison With Other Sources of E. M. F. 

The static machine has the advantage over the other sources of 
electrical energy that it contains the whole Roentgen ray appa- 
ratus, so to speak, combined in one unit. No primary or storage- 
batteries, nor transformer, induction-coil, or rheostat are required. 
All that is necessary is to set the machine in operation and a 
current of the required voltage and amperage will be delivered 
to the Roentgen ray tube. Considered from this standpoint alone, 
it is superior to all other means used for the same purpose. 
Nevertheless, these advantages, which seem to make it so 
greatly superior, are counterbalanced by certain drawbacks. 
The first of these is the price, which certainly is much higher 
than that of a coil able to produce the same results. Then the 
room required for its installation, and at times a certain depend- 
ency on the condition of the air, whether rich in humidity or 
not, must also be considered. The increase in price would not 
be against it in cases where the static currents are used for gen- 
eral therapeutic purposes, as its field of usefulness there is very 
great, while that of the induction-coil would be nil. On the 
other side, it has been claimed that the results obtained by the 
static machine in Roentgen ray work is inferior to that produced by 
means of the induction-coil, the current-strength of the latter 
being greater, and the tinie required for the production of good 
skiagraphs, as a consecjuence, materially reduced. 

Weighing both sides of the (juestion, we think it may safely 
be said, that when the intention is to have an apparatus for 
Roentgen ray work alone, an induction-coil is preferable. If the 
practitioner wishes also to use his apparatus in general electro- 
therapeutic work, then a static machine is preferable, and also in 
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localities where it is difficult to obtain the commercial lighting 
current or to have neceaaary repairs attended to. The static 
machine is not liable to breakdowns and may run for years 
without any more attention than that of an occasional general 
dusting and cleaning. 



44. Methods of Operation. — The machine may be oper- 
ated by hand, or, if the power ia to be aupphed tor long perioilB, 
by means of a small motor, either an electric, a hot-air, a 
gasoline engine, or with the small water-motor already men- 
tioned, when the suitable water-power ia at hand. 

It will be out of place here to enter into an extended 
description of the static machine. Those that wish to study 
the principles on which the same is based may find these 
fully explained in fZeclroslnlies. It may be said to consist of a 
series of stationary and revolving glass plates, the latter carry- 
ing positive and n^ative charges back and forth between the 
former, increasing the potential of the charges they deposit on 
them at the same time as free positive and negative chai^ges are 
induced on the exterior metal conductors, called prime conduc- 
tors, whence they may be delivered to the apparatus where 
they are to l>e utilized. 

An increase of the number of ptatea will give a corresponding 
increase in the current-strength. Machines with glass plates 
too small in diameter or too few in number will not he satis- 
factory. They should at least contain 6 to 8 revolving plates 
24 to 30 inches in diameter. 

As it is of importance that the positive pole of the static 
machine be connected to the anode of the tube, one must he 
.able to make a distinction between the two poles while observing 
the spark- discharge. On bringing the aliding rods so near 
together that the spark-gap is about 1 to 2 inches, it will be 
noticed that the stream appears white near the positive and 
violet at the negative i>ole. Should this test not seem decisive 
enough, then one of the prime conductors may be grounded by 
connecting it to a gas-pipe or water-pipe, when the spark- 
dischai^e will cease if the positive pole is grouuded, but will 
be undisturbed when the negative pule is bo connected, It 



26 THE PHYSICS OF ROENTGEN RAYS. § 13 

should be remembered that while the prime conductors of a 
static machine may retain the same polarity for a long time, 
they arc liable to change. Should such a change have occurred, 
it will at once be noticed by the i>eculiar glow of the tube. The 
green fluorescence will then appear, not in front of the anode, 
but will seem to emanate from its rear. The machine should 
be stopped at once and the tube connections reversed. 

A static machine, to be at it«i best in skiagraphic work, requires 
tubes that are constructed especially for such machines. 



VARIors METHODS FOR OPERATING THE ROENTGEN 

RAY TITBE. 

45. There are three methods by which the charges from 
the static machine may be sent through the vacuum tube: 

1. The direct method. 

2. The oscillating-current method. 

3. Direct method with current interrupters. 

46. The l)!i*ect Method. — When this method is used, the 
conducting- wires from the Roentgen ray tube areconnecteddire(!tly 
to the ])rimc conductors of the static machine and the spark-gap 
adjusted in conformity with the vacuum of the tube. Should 
the tube not start at once, it is only necessary to bring the 
prime conductors near enough together to allow a spark to pass, 
when the tube generally will begin .to glow. 

47. The Osoillatinpr Current Method. — In this com- 
bination, shown in Fig. 10, the induced charges of two I^eyden 
jars are used for operating the tul)e. For this purpose, two 
Leyden jars of the smallest size are used, one for each prime 
conductor and directly connected with them. In the binding- 
posts, connected with the outside coatings of the jars, the 
conductors from the tube are inserted. It must here be remem- 
bered that the outside coating of the jar (connected with the 
positive prime conductor is not positive, but negative, and vice 
versa with the negative prime conductor. 



§13 THE PHYSIC8 OF ROENTGEN RAYS. 27 

Adjust the Bparking-diatance l>etween the prime coiiductoro 
from 3 to 6 inches, after the machine is in full action, until 
Iho position ia found producing maxiniuiii radiance. Unless 




the jars are verj- small, there is always some danger q( having 
the chaises from the latter puncture the tulicfl. 

48. Direct Metbotl With Cnrreut Interrupters. 
This is the method that is mostly used with sUttic machines 
and that seems to give the heet results. A little instrument, 
called &n Interrupter, is fai^tened to the insulating handle of 
each of the sliding rods, so that the little hall of the interrupter 
IB in contact with that of the sliding rods, aa seen in Fig. II. 
The tube conducting-wires are inserted in little eyelets with 
which each of the interrupters is -jirovidcd. The machine is 
Bet in action and the sliding rods of the prime conductors are 
Beparated so that no spark will pass between them. The lengtii 
of the gaps lietweeii the intemi)>ters and sliding rods should bo 
a4jUBted until the tube gives maximum radiance. 
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It is usually touiid that it Ib BUtBclent to have a spark-gap ' 
only at one of the^e interrupters. Which one of lhe*>e to select 
depends on ihe vacuum of the lube. If the v.icuum ih high, 
then the Bpark-pitp al the Tif^iitivc interruptiT scciiis lo give the 




Flu. II. 

Ijest results; if low, either the positive or negative, 
may he used. Sometimes it may not be necessary t« u 
of the interrupters. 

TBAN8POBMKR8. 



r both, 
B either 



THE lNT>ll(.TION-(roIL. 

40. In<luctIon. — There arc other means hy which an 
E, M. F. maj' be produced than hy the transformation of chei 
ical int«i electrical energy. The most important of these is 
hiduclioTi: Induction means the production of magnetisation 
or electrification in a body without actual contact. We have 
seen that in order to make a current flow in a conductor it was 
necessary that the same was in actual contact with the source 
of electrical energy, for instance, a primary battery. When 
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utilizing the phenomenon of induction, Uiie ia no longer necee- 
eary; we can then make a piece of iron magnetic by simply 
locating it in the neighborhood of a magnet or an active electric 
conductor. And, further, it is aUo poaeible to make a current 
flow in a conductor situated near another conductor carrying 
an electric current. Wh^ these results are produced can here be 
explained only in general outlines. Full explanations will be 
found in Magnetism rmd Electromaffnetimn. 

60, Inertia. — A current flowing along a conductor behaves 
as if in posflesBion of inertia. By inertia is meant the tendency 
of a body to oppose motion while at rest, and while in motion 
to counteract a variation of same or a cessation altogether. We 
may find an analogy to this in the action of a grindstone, a fiy- 
wheel, or any revolving body. To start a grindstone we must 
first overcome its inertia, its tendency to remain at rest. When 
in motion, and the intention is to stop it, its inertia will again 
assert itself, and it will tend lo remain in motion; a counter- 
force must, therefore, be exerted to bring it to a standstill. 
Also, while in motion, it will oppose any variation in the speed 
of rotation. 

51. Self-induction. — An electric current will show simi- 
lat characteristics. When a current is sent into a conductor 
there are forces active, tending to oppose the starting of the 
current. After the current is flowing, these same forces are 
counteracting any variation in current-strength, or it* cessation. 
This reactive influence is called gelf- induction, and is one of the 
most important phenomena in electricity. At first glance it 
would seem to be a decided hindrance, but further study of the 
subject will show it to be of the most vital importance. The 
result of this self-induction is that when a current b^ins to 
flow, it cannot at once reach its full strength. After it has 
reached such strength, it will not at once submit to any change 
in it. And, further, when the current- supply is suddenly cut 
off, there comes an extra E. M. F. into play that tends to con- 
tinue the current flow, entirely independent of the source of 
supply. This latter phase of self-induction is the only one 
I in Roent^n ray work. 
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52. Exi>erliiient Illustrating: Self-induction. — Let 

us now go a step further and imagine a conducting- wire to be 
divided in two parallel wires, entirely independent of each 
other, that is, insulated from each other along their whole 
length. We may still imtigine these to be one wire, with this 
difference, that we are now able to send a current through one- 
half while the other is idle. Fig. 12 gives a diagrammatic 
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view of the two conductors with their connections. The active 
conductor b is connected to two binding- posts h^ and 6,. Con- 
ductor d connects the former to a key, or switch, .s; the battery B 
is also connected to the latter and to the binding- post h^ by con- 
ductors e and /, respectively. The idle conductor a is connected 
to two other binding-posts a^ and (j^, and the latter is brought in 
connnunication with a galvanometer G by wires c, c. 

In order to fully understand the following experiment, let it 
again be emphasized that the wires a, b could be one wire, if it 
were })()ssible to let one part of the wire be idle while the other 
transmits an electric current. The phenomenon of self-induc- 
tion takes place just as well wnth one as with the two wires into 
which it is here divided. 

When the key .s is closed, a current will flow through 
the con<luctor b in the direction of arrows x, x. A self-induction 
will at once arise and tend to send a current in an opposite 
direction, thus weakening the closing current and delaying it 
in reaching its full strength. Simultaneously with the self- 
induction produced in b a similar induction will l)e called in 
play in conductor a in the direction of arrows y, without any 
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actual contact between the two conductors. But there is this 
vital difference between the two phenomena, that while that in 6 
must act against the pressure or, E. M. F. , of a current, that in a 
lias an entirely open field and can at once send a current 
tltrough the whole circuit a c, signifying its presence by the 
motion of the point«r in galvanometer G toward the right. 

As soon as the current in b has reached its full strength, then 
all reactive inlluences will cease both in this conductor and its 
mate. At any moment when any hn^'eune in current-strength 
takes place, the same resulta will follow, and at once a. current 
will flow in conductor it in the same direction aa arrows y. 

53. Extra Current. — The most important part of this 
experiment is the resuU following the (tpenmp of key s. The 
self-induction of the circuit (> will, then, again assert itself at 
once and will now tend ia mn.mtain the flow, producing what is 
called an n-(m currmt. While the key e is in the act of being 
opened, and thus breaking the continuity of the circuit, the only 
possibility for the current to continue its How is to complete its 
circuit by jumping across the air-space in key a, which it will do 
by means of a spark. Again, a self-induction has asserted itself 
in the other circuit n, and here, also, in the same direction as 
that in b, that is, in the direction of the arrows x, consequently, 
in the oppimte direction to the previously induced current, whidi 
was indicated by the arrows y. The pointer in the galvanom- 
eter will now go to the left. 

54. Prlinnry and Secondary CnrrentB. — To repeat: 
on closing the key s, an E. M. F. will be produced and a 
current will flow in circuit a in the ojiponite direction to that of 
circuit b. On opening the key a an E, M. F. will be produced 

I and a current will flow in the circuit a in the gamr direction aa 

that in circuit b. The circuit b in which the inducing, or 

primary, current flows is called the primary circuit, while the 

drcuit a conducting the induced, or secondary, current ia called 

^^ the ttamdary circuit. 

^^^ 65. Condenser. — It is seen, then, that the circuit a is 
^^H,Active only when a change takes place in circuit b, and it will be 
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underntood that the more violent these changes are, the more 
violent will be the results in circuit a. To accomplish a sudden 
starting of a current in conductor b will not be possible, as the 
self-induction will always prevent it. The only means left is, 
therefore, to make the break at « as sudden as possible, and 
here some difficulties have to be overcome, that is, sparking at 
the contact points of key «. Fortunately, means have been 
found to overcome this by the appliance c, shown in Pig. 13, 




e 
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c FiQ. 18. 

that consists of a number of tin-foil sheets, insulated from one 
another and alternately connected with the two conductors 
g and h. The latter are in electric connection with the lever and 
contact plate, respectively, of the key s. This combination is 
called a condenser^ and is, in reality, two separate conductors of 
very large area, insulated from each other, but capable of 
exerting a mutual inductive influence on each other. The 
effect produced by inserting this condenser in parallel with the 
key 8 is, that when the latter is opened, the extra current from 
conductor d will, by preference, pass down along wire g into the 
condenser c instead of sparking across the air-gap in key 8, 
By selecting a condenser of the right capacity, it is possible to 
make the current interruption practically instantaneous and to 
produce a maximum effect of self-induction in the circuit. 

5(>. Principles of the Incluotion-CoU. — The experi- 
ment, j)reviously described, elucidates the main principle on 
which the induction-coil is based, and it remains only to show 
the practical application of it. 

The first requirement will be to shape the wire 6, Fig. 12, into 
the form of a helix, partly because its various coils and layers 
have a stronger mutual inductive influence on one another, and 
also to economize space, as one single straight wire would show 
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very feeble indiu'live ellects when Iraiisniittiiig a current of 
ordinary Htiengtli. 

In Fig. 14, ihe condnctor li (if Fig. 12 haa Itet^n truneformed 
into the coil P, here called a jirimari/ coi\, because tninsmittiug 
the primary or inducing current from the battery. Instead of 
the key « we have now an automatic interrupter to be described 
further on. C is a core of soft iron usually made up of a num- 
ber of soft, thin iron wires. The core is not mode solid but 




subdivided, so aa to jvrevent tiie induction from causing local 
currents to ilow in the core, which would tend to heat it and 
also lo cause a reaction on the current in the primary coil. 
The purpose of the core is to increase the self-induction of the 
coil. An active electric conductor shown magnetic effecte in its 
immediate surroundings. These will be majtnified when, as in 
this instance, numerous layers of wires surround an iron core; 
the latter will have magnetism induced in it and show very 
strong magnetic attraction. R is the condenser; it consiata of 
insulated leaves a and b united, respectively, to the conductors 
o, and 6, that are connected to the ends of the coil P. 

57. Action of an Ii)<luctlon-Coll. — The current from 
I the battery pns.sea through couilnctor I,, into the post K, from 
I here through the screw K to the contact /* on armature JI into 
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the coil P. The core will be magnetized and attract the arma- 
ture H, The continuity of the circuit has thus been broken at 
/), and a current can no longer pass across the air-gap between 
D and tlie screw K. As the coil is now cut oflf from all connec- 
tion with the battery, the self-induction of the coil will begin to 
assert itself and send an extra current through the coil and 
conductor 6, into the condenser. When this current has ceased, 
the magnetism of core C will, also, cease and the armature, or 
hammer, U will return to its original position, again letting the 
contact D come in touch with screw K, The current then con- 
tinues its flow as before, and with the same results. 

The other conductor a, as shown in Fig. 12, is also made into 
a coil and usually wound around the outside of the primary 
coil. It constitutes, then, the secondary coil of an induction- 
coil, and the current that periodically flows through it is the 
secondary current. 

In Fig. 15, 5 represents a secondary coil wound on the out- 
side of the primary coil P] both coils are supported by a spool 
of insulating material surrounding the iron core C laid in its 
interior. A switch W connects the post E with the terminal Pj, 
and the terminals P, and P, are joined to the battery B by 
means of />, and Z,. The terminals S^ and S^ of the secondary 
coil are not, for the present, in electrical connection with each 
other; the secondary circuit is, therefore, open. 

58. Importance of Quick Interruptions. — From the 
fact that a current in the secondary coil flows only when a 
change takes place in the primary coil, it follows, at once, that 
if any great activity is to be produced in the former coil, these 
variations must be fis numerous and as great as possible; there- 
fore, the importance of having a suitable and well-constructed 
interrupter, or vibrator, for which reason we will further on 
explain this device in detail. 

59, Nature of Secondary Current. — The next (jues- 
tion that will suggest itself is this: *' How can the current from 
the secondary coil be used for the lighting of a Roentgen ray 
tube, when the latter demands a direct current. " Asalreadv 
explained, the self-induction caused by the braikiny or opening of 
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a. circuit ie many tiinee lui^er than that rc^ultin^ froui the clo- 
thiij or completing of a circuit. CoiiBwuienlly, the former will 
l>e able to pass a • uirent through a resiistancfi that the latter will 
be powerless to penetrat*. We can therefore uiidcrBtand that 
i£ we have a spark -ga]) of, say, 10 inches Ix'tween the terminnl^ 




I 



of the secondary coil, the I iren king current might lieaWeto jump 
across it, while Ihe closing current will he unable to do so, 
because its E. M. F. is perhaps unable to bridge a gap longer 
tfaanBinches. As a result of this, sparks will only pass acroaa 
bdonging to the breaking currents, and as all these go in the 
Bame direction, it follows that the current will be unidirectvmal 
and iruermittent. 

60. Dlflfcrenee Between E. M. F.'s in Prlmarj- anti 
Secondary Colls.— Another point that may offer some diffi- 
colty in understanding is the relation between the pressures in 
(lie primary and secondary coils. If the coils /' and S, Fig. 15, 
made of wire of the same diameter and length, then the 
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pressure and strength of the currents in both coils would prac- 
tically be the same, not considering a certain loss depending on 
the efficiency of the combination. The more windings or con- 
volutions that the secondary coil contains, the more will it be 
exposed to the efTects of the inductive influences of the primary 
coil. The E. M. F. developed in the secondary coil would, up 
to a certain limit, increase in direct proportion to the increased 
number of windings that it may contain in the same space on 
the bobbin. But as the total power in watts developed in the 
secondary coil cannot be increased, it follows, as a consequence, 
that an increase in pressure can only be bought at the expense 
of a decrease in current-strength. For instance, let it be sup- 
posed that a power of 50 watts is developed in the secondary 
coil. This may be done by a current of 

10 volts and 5.0 amperes. 
100 volts and .5 ampere. 
1,000 volts and .05 ampere. 
10,000 volts and .005 ampere. 

Thus, the pressure in the secondary may be increased to from 
200,000 to 300,000 volts, but with a corresponding decrease in 
amperage. It is well to bear in mind, particularly in Roentgen 
ray work, that coils having a large sparking distance cannot give 
a strong current, unless the primary is traversed by a current 
much larger than that ordinarily used for Roentgen ray coils, and 
the secondary coil is made of a correspondingly heavier wire. 

Increasing the diameter and decreasing the length of the 
wire in the secondary coil will decrease its voltage and increase 
its amperage, so that it is not only possible to increase the 
pressure of the current in the secondary coil over that in the 
primary, but also to decrease the presisure in the secondary coil 
with a corresponding increase in iis current-strength. 

61. Comparisons BetAveen Various Colls. — When 
coils are (•oni])ared it is customary to siniply mention their 
sparking distance, say 8, 10, 12 inches, or whatever the same 
may be. This gives no idea whatever of the real power of the 
coil, any more than when speaking of a w^atorfall we would 
say, it is about 50 feet high. How much water really flows per 
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minute would be left t« the imagiuatinn, and ai) estimate of ils 
horsepower would be simply iniiM»BBible. The same argument 
applies to the rating of iuduclion-tiotls. It is necessary to 
know not only the pressure indicated by the spark in g-distance, 
but also the current volume. Two coila may be made to give 
exactly the eame length of sparks, but of very different nature. 
In one case, it may be thick and intensely white, in the other, 
thin and bluish. The former coil is the more powerful of the two 
and the more expensive to build. To send this increased cur- 
rent-strength through the coil, it must be made of heavier wire, 
both in the primary and secondary coils, with an increased 
ex])enee both in cop))er and labor. 

As the current in the secondary is not continuous, but inter- 
rupted, the current-strength will depend on the volume of cur- 
rent sent through the spark-gap at each interruption. Here, 
again, a deception is possible. If two coils send sparks of the 
same volume over the same air-gap, they would be identical, 
provided this were done at mmiJar intervals. But if one does 
thie at double the number of interruptions per second, then, 
evidently, double the current volume will cross the air-gap. 
Some coils can be made to show a high ediciency by slowing 
down the vibrator. But as the power of the coil, or the num- 
ber of watts, depends on the product of amperes into volta, it is 
B«en how important it is to ascertain the volume of the current, 
as the number of watts consumed determines not alone the 
penetrative power of the rays, but also their rate of action; as, 
for instance, when used for making a skiagraph. It will also )ro 
seen that high pressure, with the resulting high [lenetration of 
the rays, is not the only consideration to have in view, in jjar- 
ticular if it is bought at the expense of the current volume. 



63. Simple Spring: Interrupter. — The action of the 
ordinary spring interrnpt^r has already be«n explained. It« 
mecbuiical 'instruction and the various improvements it has 
ondngone nince the induction-coil has l>een utilized (or 
Roentgen ray work will now bedtacrilied mure fully. Fig. 16 
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represente the form commonly used on coils of moderate size. 
H IB the hammer, or armature, on spring /'facing the platinum 
point D on the end of screw A". The latter adjusts the spark- 
ing-distance, or angular motion of the hanuner. Further means 
for changing the rate of vibrations is found -in the additional 
screw K^ near the base, which can submit the spring to an 
additional tension. 



63. Improved 8i>rlug Interrupter. — It has been 

stated previously that it is of the utmost importance to have the 
current interrupted as quickly as possible. This the vibrator 
in Fig. 10 is not able to do; it has the two drawbacks of devot- 
ing too much time to the act of interruption and too little to 
the period of contact. It is not enough to give a quick inter- 
ruption; the current must also }>e given sufhcient time to 
reach its rate of maximum flow before being interrupted. 
Otherwise the full strength of the supply current is not utilized. 
Fig. 17 shows an improvement in the interrupter in which the 
attempt has been made to attain these advantages. Similar 
parts having been lettered the same as in Fig. 16, it will be 
necessary only to des(*ril>e the additional parts. We notice, 
then, that the spring /', Fi^'. 10, has been subdivided into two 

s])rings, F^ and F.^. This makes 
it possible to let the spring F^ 
with the armature II be in 
motion while the other spring 
/j with the platinum contact D 
is at rest. The han)mer H pos- 
sesses a certain amount of 
inertia, conseciuently it is not 
li^i able to at once attain its maxi- 
nunn sjK'cd. In tlu^ arrangement 
shown in Fi^'. 10, it starts from 
a ])osition of rest to at once 
break contact with screw A'; 
this interruption takes places therefore, while it moves at a 
minimum SjX'ed. Again, as a result of the loii^ time si)ent 
in int<Trnpting, it can spare no time to leave the parts in 
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' contact. In Fig. 17, the hammer H can move through a 
certain variable dietanct- and attain its maximum velocity 
before a break takes place. This is effected by means of the 
bracket / and adjustable sere 
contact spring F^ before spring 
F, has moved far enough to 
bring tbe screw Q in contact 
with tbe insulating plate g, 
when both springB move in 
unison. Thie is not all; when 
tbe springs return together 
again, the platinum contact D 
of spring F, strikes the screw 
A' while both springs are mov- 
ing at a masimum speed. 
The latter spring is, therefore, 
brought to a sudden stop and 
remains at rest, completing 

the circuit, while spring F, is stiil moving to the left. When 
its momentum lias been overcome by the new attraction of the 
core C, Fig. 15, it begins again its travel to the right, and the 
interruptioDB are repeated. 

It is claimed that this interrupter increases the efficiency of a 
coil very materially besides preventing sparking and sticiiing at 
the contact points. From its increased contact period, whereby 
the current, gets time to reach itfi maximum strength, a reduced 
battery power is required. 

Host modern spring interrupters are based on the above con- 
struction, some small variations being made in allowing the 
hammer its extra freedom in swinging to and fro. Usually a 
stem is inserted in the upper ]mrt of the armature H on which 
an adjustable counterweight is placed. By its means quite a 
Taxiation in rate of interruptions may be obtained. 

04. Indeiwndent Spring Interrupter. — To let the 
I Intenupter l>e operated by the core of the induction-coil is 
Isomstimes inconvenient, bs variations of tite current-strength 
KtiUDUgh the same also intluences the rate of interruptions. 
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This, then, requires a new adjustment of the interrupter to com- 
ply with the new conditions. Usually it is desirable to let the 
rate of interruptions he constant and to adjust the current- 
strength independently of this. For these reasons it is now 
customary to let the interrupter be operated in an independent 




circuit, either in parallel with the main circuit or supplied by a 
separate cell. A cotnbinalion of this nature ia shown in Fig, 18, 
S is a small coil with a core C acting on the armature H that ia 
supported by the main spring /",. Tlie screw K projects 
through an aperture in the same and strikes against the plati- 
num contact D, on spring F,. When the iirniaturc H moves 
to the left, it reaclu-s the spring /•',, and (liiiii both move together 
in the manner and with the effect aln^iidy L-x|ilain«l. The 
sni)i>lcinenfary coil is supplied with its current through the 
screw A', and contact /',, boih insulated from the niiiiti circuit. 
The rod L, with counterweight L,, makes it possible to change 
the rate of vibrations. 

(>5, KdlsMiii'sAir-Breuk -Wheel Apimratns. — Instead of 
the spring interrupter, various others, inf^^hanically operated, are 
in use. Ami)ng those may be mentioned Edison's air-hreak- wheel 
apparatus, illustrated in Fi;;. 19. It consists, hi Ihe main, of 
• two metal wheels having serrated edges against which two 
brushes rest. The wheels being set in rapiil rotation by means 
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of an electric motor, and a cnrrent being sent through the 
bruBhes, an intermittent current will be produced suitable for 
the operation of the coil. Tn order to euppreas any Bparking 
effects at the liniBhes, the latter are constantly exposed lo an 




air-biaet from two nozzles connecting with a small pressure 
blower, also operated by the motor. The apparatus may he 
connected to a 110-volt direcUcurrent circuit, and a suitable 
rheostat provided to control the current passing through the 
coil. 

66. Mercury Interrupters. — As Bome inconvenience 
may result from the irregular wear of the platinum contact 
points in the spring interrupters, it has been proiHwed to replace 
them by a cup of mercury into which a contact rod nmy dip 
and be aet in rapid reciprocation. The rod may either be oper- 
ated by a small coil or receive its motion from the crank of a 
Bmali electric motor. The mercury is, as a rule, covered with 
a layer of petroleum or alcohol, about 1 inch deep, or even 
water, to prevent sparking when the rod leaves the mercury. 

A recent form of interrupter that has been quite successful is 
the mercury turbine Interrupter. Its leading feature may 
be underelood if we imagine the brush in the Edison air-break- 
wbeel interrupter (see Art. 65) replaced by a Btreani of mer- 
cnty. These interrupters have a vertical shaft set in rotation 
by a little electric motor. The lower end of the shaft conaists 
of a tube having two extensions, one, with a scoop-like opening 
dipping into mercury, forces a current of the latter upwards and 
through the other extension in a honzontal direction toward a 
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self-induetion / in the circuit. ITiis may coneiBt of a coil of 
about 100 tuniH of No. 18 wire into which is placed a core, 
10 inchcR long nnd about 1 inch in diameter, made of thin 
iron wires. A partial withdrawal of the core will increase the 
rate nf interrnptione. The latter may also be influenced by 
the active length of the platinum wire, a shortening increasing 
the frequency. Sometimes the self-induction of the primary 
coil alone may be suflicient. The general arrangement, when 
using a direct current from an accumiilat^jr, may be seen from 
Fig. 21, in which li is the accumulator, S the induction-coil, 
and A the Wehnelt interrupter with- glass tube b and lead 
plnte e. 

Tlie Wehnelt interrupter may also he used with the com- 
mercJiil alternating circuit, in which case the inductive reeist- 
ance-coil is omitted. The 
rate ->! interruptions is now 
fixed dependmg on the 
number of alternations in 
the (ircuit which usually 
an ount to from 120 to 1«) 
ptr second The current- 
strength can now be r^u- 
lated onh bv changing the 
active length of the plat- 
inum wire 1 > the density 
of the eleutroljte, or by a 
rheostat 

(>8 The Helnze 
Break — In some of the 

kctrolvtic interrupters the 

llitiiu n res are made 

movable m their glass tubes 

and given a reciprocating 

iss is the Ihinzi: hrenk shown 

■ooden box 

■h'ctric motor. The latter ih 

two |i!atiiiiini wires, wliicli it 




motion. An example of this cli 

in Fig. 22. Hero the ghiss vessel is placed 

on 1<.]> of whidi is a 

mecliiiiiii;iilly I'oniicctfil 
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^M alternately project into the electrolyte. The cBtliO(]<;e lire, as ^^H 


^H before, lead plates. It is claimed that this inten'upter can ^^^H 


^M stand rough usage and will give a steady light. ^^H 


^T 69. Tbe Caldwell Interrupter.— Though the Citldwell ^^H 


instrument is usually classed among the electrolytic interrupters, ^^H 


its action is not exactly that of Wehnelt's, but it is more nearly ^^^H 


based on the heating effect of the current on a small column of ^^| 


^L water of high resistance, 


perirtdiciillv hfiiting the same U^ the ^^M 


^1 point of boiling, when 


n ■ 


^1 the circuit is momen- 




H tarily broken. Fig. 23 


.H& ^1 


^M illustrates one of these 


__ ^B 


H internipters with some 


/y^^F^ i. ^^ 


^M additions by Stehiton. 


^'iJ^, n 


H A and B are the two 


^1 lead electrolytes pro- | 


mmsiMiMm... 


1" ■ 


^1 vided with the biml- 


,J. yvr^i 


^1 ing-poats K and /' 


_I_tr;i 1 )'< : ; 




^1 suspended from an 


■ j 


^^H 


^H ebonite cover G vnA 




^^H 


^M projecttng into tlid 




^^H 


H glass beaker D. The 




^^H 


^M electrode A is insu- 


! i j H- 


^^H 


^M lated from B by ;t 


'■-"'■ ' ' -■'' 


^^H 


^M glass tube C provided 


'' ^''\'' 


^^H 


■ with a small apei- 




^^1 


^H tore 17, about J inch 


I, 


■ 


^^^ in diameter, through 1 




^B which a pointed glass 




^^B rod c projects. This 


FlO, T: 1 


^H glflsa rod is inserted in a t 


hreaded metal sleeve /, and engages 


^^M with a nut e by means 


A which the rod may be raised or 


^H lowered, and thus vary t 


le available part of the aporture 3 


^H and at the same time Ih 


e current-strenglh. The electrolyte 


^H oone^ts of dilute sulfuric 


acid, about 1 part of w.id to 10 or 


^^M 20 parte of water. Care r 


lUst be had not to have the beaker 


^H loo lull, as it is the tend 


ency of the liquid in the tube t' to 


B 


J_l 
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raise above that in the beaker. This diflference should not be 
more than enough to allow the overflow to drip from the 
spout (i; if a small stream should flow from the spout, a short- 
circuit will occur between the two liquids. The size of the 
electrodes is the same; it therefore makes no diflference in 
which direction the current flows through the liquid. 

When the Wehnelt or Caldwell interrupter is used in 
connection with an induction-coil, then the condenser and 
spring interrupter are put out of action and the interrupter is 
placed in series wdth and between the coil and the battery. It 
is claimed that this interrupter greatly enlarges the efficiency of 
an induction-coil, giving a current of high amperage that is able 
to produce Roentgen rays of great penetration. At the same 
time, when using the Wehnelt or Caldwell interrupters, the 
Roentgen ray tube is liable to overheating, and may be 
destroyed within a few seconds if it is not constantly watched 
and the current shut off in time. 

70. Induct Ion-Coil Coniiectloiis. — Having considered 
in detail the functions of the induction-coil with its various 
appurtenances, it remains to consider them installed with their 
correct connections. This sul)jeot can very proi)erly be treated 
briefly, as the variations are numerous, and the operator would 
rarely feel himself competent to personally undertake the instal- 
lation of any one of the large modern induction-coils, in 
particular if its electrical energy should be derived from one 
of the lighting circuits. 

For the sake of completeness, we givu in Fig. 24 an example 
of a coil made by one of the leading iirnis. It is constructed 
for connection with a 110-volt circuit and has, for purposes of 
regulation of current-strength, a rheostat installed in its base, 
the handle of which is visil)l(!. We also notice the iiiterrui)ter 
and the switch for juljusting the condenser, inserted in the base. 
On top of the coil the discharge rods are found, which niav be 
moved simultaneously by turning the milled head until the 
desired si)ark-gai) has been found. In addition to tliis, there is 
also a series si)ark-ga]) that acts as a safeguard against an alter- 
nating discharge in the main spark-gap by preventing the 
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cloeiiig current from bridging across the latter. There is also 
an interlocking switch, whereby it ij impossible to send the 
main current through the coil before the interrupter is in opera- 
tion. This is of importance, as, nhen using a storage- battery, it 




would lie possible to send a current of 20 amperes or more 
through tlie coil, which would be more than an ordinary coil 
could safely titand and miglit be the cause of ruining it. 

Ab a coil of this size is a producer of a very high E. M. F. 
in connection with a rather heavy current, it is important 
to bear in mind that it ii^i a dangerous thing to handle 
the coil white it is in action. In particular do«s this refer 
to the interrupter, which should not be touched while the 
mftin current is on. 

It is advisable to have an ammeter in the coil circuit, as an 

indioator i)f the current-strength used on different occasions and 

> guide one when eimiliir cxperimenta must be repeated. A 
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T- .!:rri»ri*rr is also of advaiitiige, and is indispensable when 
'\frT:%'j*:'\niiU'rit'ii HUpply the current, in order to ascertain the 
exi-tiiiff pre:-r-ure of the Hanie and to prevent the discharge from 
going Uk} far with the resulting buckHng and sulfating of the 
plate«. 

It should he the aim to have the switches needed for manipu- 
lation of the coil within easy reach, and a provision should 
also be made for an extra lamp, or light, that can quickly be 
turned on when needed. This would be the case when the 
work is going on in a darkened room, in order to better observe 
the action of the tube. 

When the Edison air-break-wheel or similar interrupters 
are used, it is customary to locate them in places where their 
noise will not influence the patient too much. Some manipu- 
lators have a special closet for this purpose, the door of which 
may be closed after it is in proper working condition. The 
coil may then be on a table near this closet with a rheostat on 
the wall above same. A switch on the table is within easy 
reach whenever the current is to be shut oflF, either for the pur- 
IK>8(; of changing the tube or for effecting some additional 
adjustment. 

What was said in Art. 44 about polarity applies also here 
as regards the appearance of the spark and the tube. To 
ground the poles, for the purpose of testing polarity, is not 
practicabb* with coils. When connections have once been 
correctly nuide, tln-y should be properly marked to prevent 
future mistakes. 

71. Tnmsportable Uoent^en K«y Apparatus, 

Whenever a patient is in a condition such tliat his transporta- 
tion to the Roentgen ray laboratory is impossible, then it is of 
importance to have apparatus that will allow its transportation 
without too much inconvenience. If an induction-coil is used, 
the main difiicjulty is to fnul a source of electrical supply. This 
will be relatively easy if access may be had to the commercial 
lighting circuit. Mostly, however, this will not be the case, 
and then recourse must be had to storage batteries. The size 
of the latter will depend on the coil and the length of exposure. 
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If a large size is necessary, it is of advantage to divide it in 
smaller units, placed in independent boxes, that later on may 
be electrically connected, thus making their transportation more 
convenient The coil itself, with the interrupter, rheostat, 
fluoroscope, plates, etc., is usually housed in a separate box, 
provided with handles and rollers. 

If a medium size Wimshurst or Toepler machine is at hand, 
then the operator is more independent, as it may be utilized 
anywhere, entirely independent of any lighting cfrcuit or 
storage batteries. The motive power may be supplied by hand, 
as the power required is small and of short duration. 



THK TESIiA colli. 

72. This coil was formerly considered essential for success 
in skiagraphy, but it has since gradually lost its superior posi- 
tion. This is caused, mostly, by its additional complication 
over that of the ordinary induction-coil and by the necessity 
of having the supplementary coil immersed in an oil bath. 
It is true that the coil is able to produce currents of a 
very high E. M. P. and to require very short exposures for 
skiagraphs, but it has been found that the ordinary induction- 
coil, in itfl improved forms, is able to give all the E. M. F. 
and current that the Roentgen ray tube, in its present form, 
is able to stand. 

In the Tesla coil, an alternating current is sent through a 
primary coil that acts inductively on a secondary coil, as in 
other induction-coils; but instead of using the secondary current 
directly for operating the Roentgen ray tube, it is sent into a con- 
denser. By this means the current is set into very rapid oscil- 
lation, about ten millions per second, and is then sent through 
the primary of a supplementary induction-coil, where it again 
induces a secondary current of a still higher potential in another 
secondary coil. Both of the latter coils have very few windings 
and are inserted in oil to insure perfect insulation. 
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THE ROENTGEN RAY TUBE. 



NATITUE OF THE UOENTGEX RAYS. 

73. Their Relation to Other Rays. — The whole subject 
of Roentgen rays is one on which many conflicting opinions 
exist. To say positively what the Roentgen ray really is, 
whether light, an electric current, or a stream of molecules, all 
of which propositions have been held, seemed at first very diffi- 
cult. Nevertheless, the field has been made somewhat clearer 
since Roentgen made his first exhibition in 1895, when he. 
expressed the idea that Roentgen rays might be longitudinal 
vibrations of the ether. This explanation of Ihe problem has 
been abandoned, and there is now little doubt but that the 
Roentgen rays belong to the light phenomena and occupy a 
place in the spectrum beyond the invisible ultra-violet light in a 
class that may be called vltra ultra-violet. They would seem to 
be, therefore, transverse ether waves. 

In Fig. 25 a diagram is given indicating the position of the 
oj)tical, chemically active, heat rays, and electromagnetic ether 
waves. On the extreme right we find the Roentgen rays. The 

optical Rays. 
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length of the waves are given in microns. One micron is one- 
millionth meter or .(X)l millimeter. The ultra-violet and the 
Roentgen rays have these properties in common, that they 
produce fluorescent and chemical eiTects in various substiinces, 
and that they are able to discharge electrically charged bodies. 

74. Typical Roentfireu Uay Tube. — The api)aratus com- 
monly used for the production of Roentgen rays is so universally 
known that little need be said here. Fig. 20 shows the funda- 
mental form, in which the cathode is on the left, consisting of a 
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concave circular reflector of aluaiinimi, and the atioile on the 
riglit, made in the form of a smooth puhshed disk of platiuum. 
At either end are terminals that may be connected with the 
n^ative and po§itive conductors <it the induction-coil. The 
usual description of Crookes tubes and the ei7ects obtainable 
at various degrees of ■ : . 

exhaustion will be \ \ ' / 

omitted, as it is more \^ \ '. ] • 

of historical interest, "-^ '^^ \ \ ; / 

and may be found 
elsewhere. 

75. TheVauiiTim 
or Roentgen Kh.v 
Tubes. — The main 
point aimed at in the 
production of good 
Roentgen ray tubes is 
the attainment of a 
suitable vacuum. The 
whole manipulation necessary fttr this result is more or less 
empirical, and the products very variable in their qualitiee, no 
two tubee being exactly alike. When considering that the 
pressure in the tube has been reduced to from I to 2 millionths 
of the atmospheric pressure, and that little variation is allowed, 
it will be understood that their production is not an easy 
matter, if uniformity is rei|uired. 

76. Radiant Bilatter. — When the pressure in a tube has 
been decreased to this extent, the remaining gas is said to be in 
a "radiant state." This means that so few molecules remain 
that they are able to travel in space for relatively long distances 
without colliding with one another. They then constitute 
"radiant matter." 

77. Cathode Rays.— We may then presume that the 
molecules receive a negative charge from the cathode and are 
forcibly repelled from the same, attaining a velocity of about 
^,000 miles ])er second. They will travel in paths at right 
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angles to the surface from which they receive their negative 
charges, and it is, therefore, possible to predetermine the direc- 
tion in which they will proceed. This collection of repelled 
molecules is called cathode rays. On the direction of these rays 
the anode has no influence and may be situated anywhere in 
the tube. 

78, Transformation of Cathode Rays. — By giving the 
cathode the curved form indicated in the figure, it is possible to 
let the molecules radiate toward a common center and there 
concentrate the resulting effects. It is now assumed that the 
molecules, or atoms, when they strike the anode, are set in rapid 
vibrations. Their mechanical vibration may be transformed 
into ordinary light, but in this case it is assumed that their 
electrical charges are set in vibration, that it therefore is a 
(luestion of electrical vibrations and that these vibrations of 
electrical charges may produce the Roentgen rays. In other 
words, it is a kind of electrical surging and splashing effect 
that takes place. 

79. Function of the Focusiiip: Point. — It must not be 

assumed that the Roentgen rays are reflected from this focusing 
point of the eathode rays in which the transformation takes 
place. Rather must this point be considered as a source of 
light from which the rays radiate in all directions. If the 
anode were perfectly plain and highly polished, the rays would 
radiate even in a direction nearly parallel with the surface, 
but as these conditions are not fulfilled, thev will decrease 
in strength as they aj)proach an angle of ai)()ut 2° to 8° with the 
plane of the anode. * 

That j)lace on the anode where the cathode rays meet should 
be a point, but in reality it is a circle. Its diameter should not 
exceed .04 to .08 inch if skiagraphs with clear outlines are 
desired. From ol)servationf«i made by Dr. Uocht, Berlin, it 
seems that this littlcMnrcle is not the real sourc(M)f the Roentgen 
rays, but rather a ring-]ik(! surface innnediately adjoining it. 

It was found that a number of tubes in which the anodt^s had 
been punctured by the effects of heat showed an undiminished 
production of Roentgen rays, notwithstanding the fact that a 
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largo portion of the niys would seem to jiiiss t-ntirely through 
the anode. 

In the tube, as originally constructed, the cathode rays were 
allowed to strike the walls of the tube. If, under these cir- 
cumstances, the rays were focused to a common point, then the 
results were that the heat resulting from the atomic booibard- 
ment was enough to melt and puncture the glass. If, on the 
other hand, they were dispersed over a larger area, then the 
Roentgen rays had to [)ass through a larger surface of glass 
with a greater loss from alisorption by the latter. 

80. AiitlcBthode, — In some tubes, the anode docs not 
act as the focusing point of the cathode rays, but is placed 
BOtnewhere else in the 

tube. It is then re- 
placed by a so-called 
anlicathode, which 
should be in electrical 
connection with the 
anode. Fig. 27 gives 
an example of this ' f I i \ 

class. The terms 
anode and antica- 

thode are not always kept separate, and the term anticathode 
ifl often used when speaking of the anode. 

81, Motlem Forms of Roentgen Ray TutMJS. — The 
more modem form of tlie Roentgen ray tube is made in the shape 
of a large globe with tubular extensions projecting in diametric- 
ally opposite directions. The globular form serves two purposes, 
A vacuum tube must be able to withstand a lai^ external 
preeeure, about 700 pounds, and it is found that a globe is able 
to do BO with the least amount of material in its walls. It is 
important that these are as thin as possible, less than ^'^ inch, 
in order not to have too much of the Roentgen light absorbed 
by the gloss. Another reason for choosing the globular form 
is the greater distance that it allows between its walls and the 
anode, therefore not exposing the fonner so much to the heat 
of the latter. 
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As already stated, the maintenance of a constant pressure in 
the Roentgen ray tube is the point of prime importance in 
Roentgen ray work, and, in reality, all the efforts of the operator 
center around this one point. The rest of the technique 
dwindles in importimce compared with this one item. 

82. Variations in I'ressure. — The reasons for variations 
in pressure are the following: When a current is passing through 
the Roentgen ray tube, a certain amount of heat is generated by 
the cathod(? rays striking the platinum disk and the glass walls. 
As the tube is increasing in temperature, the vacuum is lowered 
and an increased amount of current passes through. CJonse- 
(juently, the heating and lowering of vacuum is doubly accel- 
erated. I'nless, therefore, the heat is dissipated as quickly 
as it appears, the tube will be in a very unstable con- 
dition. Then again, if a tube gets colder, an increase in 
vacuum results; therefore there is greater resistance for the cur- 
rent to overcouKi; less current will pass through and less Roent- 
gen rays will be generated. It is seen, then, that it is only 
when a pro])er balance exists between the heat generated and 
dissipated, that the illuminating capacity of the tube remains 
constant. 

83, Increase of Vaeuuni. — Even if this balance could 
l>e accomplished, a tube would, nevertheless, gradually change 
after having been used for some weeks or months, its 
vacuum growing higher and higher. This is caused by the 
gradual occjhision of the radiated matter in the walls of the 
tube. The nuni})er of active atoms will, consequently, grow 
less. The rays produced by them are growing in penetra- 
tion, because the ])atb of the active atoms is more free and 
they are able to strike the platinum with maximum velocity; 
but after a while it will be impossible to send any current 
through the tube, even with the highest ju'essure, because no 
carriers arc at band to transport the charges from the cathode 
to the anode, and tlu^ current will now, in preference, pass 
around the outside of the tube. 

It has becMi fcnnul that tins increase in hardness is verv much 
slower with :i static inacbine than with an induction-coil. 
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84. Means Tor Lo^rerlng; the Vacuum. — When a tube 
has reached this atage, means must be found to lower the 
vacuum. The moat primitive method to pursue for this pur- 
jKwe IB the heating of the tube either hy means of a gas or alco- 
hol flame. Wliile the heating is going on, a weak current is 
allowed to pass through the tube, and care must, tlierefnre, be 
taken that neither tlie gas-jet nor the alcohol lamp comes too 
near the tube. In the latter case an explosion of the lamp may 
occur, and in the former the current may pass through the 
burner and the tube, unless this burner is made of glass. 

All operators have come to the conclusion that the heating of 
the globe itself or its anticathode extension does not compare 
with the effect produced by heating the surroundings of the 
cathode. This heating must not be Umited to one place, but 
should be evenly distributed so as to prevent cracking the tube. 
The effecta produced seem to be a removal of static charges 
situated near the cathode and, thereby, also the attracted air 
particles. At the same time, the heat causes the expaneion of 
the glass walls, thus releasing the air contained therein. 

Another and more eilective method is based solely on the 
removal of the static charges mentioned above. This effect is 
obtained by winding a strip of gauze, consisting of three layers 
12 inches long and about ^ inch wide, around the extension 
that contains the cathode. If the cathode extension is turned 
to the left, the strip should occupy a. position so that its right- 
hand edge is in line with the edge of the cathode reflector. 
Before winding the strip on the tube it should be dipped in 
water, wrung out well, and wound tightly and evenly around 
the tube. 



85. Means for Increaslnur a Vacuum. — Sometimes it 
happens with tubes having an adjustable vacuum that too mucli 
air has been released, and that the vacuum, conse<]uently, is so 
low that a bluish light has made its appearance, Thie can be 
remedied either tiy letting the tube cool off somewhat, accele- 
rating this by the fanning of cool air toward the tube, or by 
reducing and reversing the current and letting it pass through 
for a few seconds. 
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86. Suitable Tube?. — In order to get the meet use out of 
a tube, only lh«»se having a low vacuum should be procured. 
To buy a tul>e with a vacuum corresponding to the maximum 
sparking distance of the apj^anitus. would l»e a mistake. Several 
tubes should l>e on hand that have passeil through the various 
progressive stages of hanlening, and that one selected that 
harmonizes with the di-sirable sparking ilistance. 

87. Care of Tubes. — It is nt-e<lless to say that the tubes 
should be sloreil away •with eare, n«u fXjM:>seil to accumulatioDS 
<»f dust and dampness. In any c;ise. they should always be 
wiped off before using, and in damp weather it may sometimes 
be necessary to give thtrm a preliminary heating to coimteract 
the influence of huiniditv. 



KOENTGEX RAY TUHES WITH ADJl'ST.VBI.E VACUTM. 

88. Classes — Roentgen ray tubes, constructed for the pur- 
pose of ovt-roouiini: thest* ditliculties, may l>e divided in two 
classes: ( 1 > Tui»es that tend to prevent the overheating by means 
of increased radiating surface. . - i Tul>t*s that set an extra 
aniMunt of gas free when the i>rii:inal amount is decreasing. 

Among the tir-t elas> may l»e nuiilioiuil tubes having heavily 
l»aeked antieathodes witli thick metal stems to facilitate the 
heat radiati«»n. Al?o, tui»es ]»rovideil with a circulation of cold 
water with the same purpose in view. 

In the i.ther class may l»e inoludetl tubes with a supple- 
mentary pocket in wliieh i< dep«»sited a sul»stance that, when 
heated, will irive off a certain am«>unt of air i^r other gases to 
replace the <x-chide<l gases. Tl:ese various forms are more or 
less successful, hut tlemand eonstant attention. 

HiK iSelf-Fleirulatln^ Tul>e. — A tube that would auto- 
matically re-julale the ^'ipj'lv of extra u^is required iV»r the 
maintennrn-r ..f the j»roper varuum wouM i>e of advaiitavre, and 
variou- exp»r:m*'i;t> hnvt- t.»-»^n maile with this p»)ini in view. 
Anjonirthe nj"-* -U' •■♦•ssfiil of these ir- umh^uhtedlv the seif-reiru- 
latino tul^e, Fii:. •J'^. made hy C^ieen vV r«>., of Philadelphia. 
The sniall tut.»e K •ontain.-? a chemical which gives off vapi^r 
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it when cooling; it is fUrectly con- 



when heated and* reabsorb! 
nected to the main 
tulre, and ie BUr- 
rounded by an auxil- 
iary tube D, which 
is exhaustiKl to a low 
vacuiini. In the aux- 
iliary tube the cath- 
ode a is opposite 
the above-mentioned 
bulb, so that any die- 
charge through it will 
heat the bulb by the 
bombardment of the 
cathode rays. The 
anode b of the small 
tube is directly con- 
nected to the anode 
B of the main tube. 
A ifl the main cathode 
and M the platinum 
disk, fi is a mov- 
able rod by means of 
which the spark-gap 
Rd may be refjulLitetl. '• 
An extenBion N per- 
mits the tube to be 
fastened in a holder. 
The tul)e, itself, 
being of a high 
vacuum, will ofTer 
considerable resist- 
ance to the current, 
.and the latter will 
therefore take the lu m. 

eaaieet path and jump across the gap dR. This will send 
cathode rays toward the prol*ctive platinum tip D and heat the 
bulb £, Bending a vapor into the main tube, which will continue 
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for a few seconds until tlie vacuum has been reduced suffi- 
ciently to permit tlie current to pass. Alter this an occasional 
spark will pass across the gap to counteract the tendency of the 
bulb to cool off and real«orb the vnpor, thereby raising the 
resistance of the main tube. 

Another self- regulating tube, very similar in construction, is 
that manufactured by C. H. F. Muller, Hamburg. It was 
recently awarded the 
gold medal by the 
Roentgen Society, 
London, for it£ effi- 
ciency and high capa- 
city, its main principle 
being that of the last- 
mentioned tube; the 
parts performing the 
same functions are 
marked with similar 
letters. The tubes may 
be had with or with- 
out water cooling, 
Fig. 29 illustrating 
one of the latter class. 
A is the cftUiode, M 
the anode, and M, the 
anticathode, supported 
by the glass tube M^ 
This tulie may be sup- 
plied with ii constant 
Btream nt cold water 
fur the ]iurpnse of 
carrying "IT thi.' heat 
gonoriitrd in tlic iinti- 
18 overheatinij and d^stniction. 
directly connccU'd witli tbf main 
juKiib- h and CMthode ", R is a 
i;ti(.n Willi tlie tcrniin.i] if, coiisti- 




cathode, thus jtrfventing 
D is a supplumentary tulii 
tube and provided with a 
brass rod which, in conju 



tutes ihp adjustiilde spark-gup. 
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The auxiliary cathode a is made of a material that will 
release a certain quantity of gas as soon as aparke are allowed to 
pass between d and R. An adjustment of the vacuum will 
then he effected in a manner similar to that of the Queeu tube. 
Should the vacuum have become too high for immediate reduc- 
tion in this manner, then the negative conductor may tempo- 
rarily he connected directly to the auxiliary cathode terminal a,. 
Some care is required so as not to make the vacuum excessively 
low, and 2 nr 3 seconds is generally sufficient. 

If it is required In at once make the tube into a high- vacuum 
tube lor the purpose of making a skiagraph of the pelvis, then 
it is only necessary to remove the positive conductor from the 
terminal B to terminal b, and operate the tube until the rays 
have acquired suHicient penetration. This increase in vacuum 
is caused by the molecules, which, after being torn from the 
anode b and driven away, will settle on the surrounding walla 
and occlude a. certain amount of gas. During this operation 
d and R must he beyond sparking distance. The time required 
depends on the previous stJite of the tube and may, if the latter 
is very soft, amount to 5 minutes. 

Improvements in tubes are made constantly, but it is well to 
select a good tube of standard make and to become familiar 
with it before beginning to experiment with new variations. 

90. Theory of Hard and Soft Tubes. — The difference 
between what are termed "hard" and "soft" tubes, aa far as 
their differentiating powers are concerned, will be stated further 
on, but an attempt will here be made to find an explanation for 
the cause of this difference. It is not claimed that this is the 
correct one, but it is thought that it points in the right direction. 

91. The Hard Tube.— As explained above, the atoms 
repelled from the cathode are similarly chained, and are moving 
with great velocities toward the platinum anode, where the 
charges are transformed into Roentgen light, or X-rays. When 
moving in the very high vacuum of a haTd tubt, the paths 
followed by the atoms are rather free from obstructions, and 
they are able to strike their points of destination with maxi- 
mum velocity, nnd their charges will therefore be set in a 
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maximum rate of vibration, pnxliicing a light of minimum wave- 
lengtliH. It iH pret^uined that these wave-lengths are so small 
that they are able to j)enetrate matter without meeting much 
obstruction. On the other hand, it would be easy to under- 
stand that the rays would penetrate substances between which 
the difTerence in density is not very great with about the same 
fa(!iHty. It would therefore make a small differentiation 
iHjtween such objects when skiagraphs are taken. 

92. The Soft Tube. — The conditions are different when 
tlie current passes through a tube of lower vacuum, or a so-called 
soft tube. There are, then, a greater number of atoms in action 
in all diret^ions, and those that radiate from the cathode are 
more numerous, but no longer pass so freely toward the anode. 
They collide again and again, and finally reach their destination 
with a greatly reduced velocity. The rays that are now pro- 
duced do not possess the high rate of vibration and, therefore, 
not the short wave-lengths, and will not pass so freely through 
matt^T as in the other case. Substances of varying density will 
have more eflect on the rays and absorb them more freely. 
These rays have not the power to penetrate dense or thick 
objects, but are able to give better diflferentiation between sub- 
sUiiices. such as tissues of the human body, that are not very 
different if density alone is considered. On the other hand, 
from the increased strength of the cathode stream, there are 
more nuin(;rou.s charges transferred to the anode, and a heavier 
stream of rays will proceed from the anode, resulting in a 
greater activity on a photographic plate. 

93, Functions of Hard and Soft Tubes. — Hence we 

come to the concl union that when it is a (|Ucsti()n of penetrating 
power alone, then a tube with a high vaciuuni should be used, 
and when the ditTcrcnce between oi)ject^ of small and somewhat 
similar densities should be emphasized, then a tube of lower 
vacuum is more useful. 

In fact, the tube should have a vacuum just high enough to 
penetrate the denscjst part of the ol)ject to ol)tain maximum 
diffcr(Mitiation. The niore tlie vacuum j)rocee(ls beyond this 
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point, the more tendency will the rays have to exert an e<]iml- 
izing action and to obliterate differences in density. Conse- 
quently, the denser the body the higher the vacuum. 

For instance, a bullet imbedded in a dense [>art of the body 
requires a high vacuum. On the other hand, a bullet situated 
in the arm requires a lower vai^uuni, but still higli enough to 
make distinction between the bullet and the bony structure. 
Going down to still smaller densities, such as the hand, a still 
lower vacuum is re".]uire<l for good differentiation. 

In these investigations of the penetrating quality of the 
Roent^n rays, the fluoroscope is not to be taken as a direct, hut 
more as a co-mparative guide. The fluoroscope demands a much 
higher vacuum for observing the same parts, if a fluoroscopic 
examination is to give good results. For instance, the rays 
suitable for giving a good skiagrtiph of the hand or arm would 
let the bones appear dark in the fluoroscope. 

In the same manner, if the presence of calculi is to be ascer- 
tained by means of a skiagraph, then enough penetrating power 
should be given to go through substances a little denser than 
the surrounding tissues, but nothing more. 

Where differences in densities are email, it is important not 
to go much beyond the penetration required for the densest 
parte, if maximum differentiation is looked for. 

By inserting a spark-gap between the terminals of an induc- 
tion-coil and the tube, that is, in series with the tube, quite a 
change may be effected in the character of the rays. This gap 
U usually arranged on the cathode side. Gardiner made 
exhaustive experiments in this direction and found that the 
greatest effects were produced with a soft tube. The change 
from no spark-gap to one ^ inch long, varied the penetrability 
of the rays at the ratio of 7.3: 10. ()6. 

When such a spark-gap was used with a static machine, as, 
for inetance, by means of the interrupter, he found the change 
in penetrability still greater. The degree and magnitude varied 
in different lubes, and the variation was the greatest when 
wdng a laige and moderately hard tube. With a tube of the 
latter class the change in penetration was at the ratio of 2. 7:4.8 
'.when no spark-gap and one ol 1 inch in length was inserted. 
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94. Examples of llai-d aud Soft Tubes. — To make 
this subject still clearer, we give below sume illustrations that 
show the relation between the hardness of a tube and the 
skiagraph tliat it is able to produce. For this purpose we will 
divide Roentgen ray tubes into five classes. 

1. Tubes loo hard to permit any current to pass fiom the 
cathode to the anode. The current will, therefore, to a great 
extent, pass outside the tube, and no rays will be produced. 
Fig. 30 is made to represent this condition. The irregular 
lines outside the tube are intended to indicatQ the existing 
electrical discharges outside the tube. 

2. Hard TSiJiea. — In these, part of the current goes through 
the tube and produces rays of great penetration, but too great for 
a contrasting skiagraph of the iiand and parts of similar density. 
Tubes of classes 1 and 2 show little fluorescence of the glass. 
The amount of this is indicated by the depth of shading given 
the lower part of the tube globe, as seen in Fig. 31, which 
illustrates a lube of this class with the resulting skiagraph. 

3. Medium so/f tubes, producing rays in quantity and of 
good penetration, and which have the greatest field of useful- 
nesB, are illustrated in Fig. 32. The increase in fluorescence is 
indicated Viy the deeper shading ot the globe. We find here a ' 
skiagraph rich in contrast and giving strong outlines to the 
bony structure. There is still some exterior discharge along 
the tube. None of the tubes in these three classes can be touched 
without more or less danger of getting a severe shock, which is 
□ot the case with tho following two classes. In the latter the 
current goes wholly through the tube and can be touched 
without drawing a spark. 

4. Sojl Tabes. — The amount of light produced is still plentiful 
Hid gives extreme contrast to the skiagrajihs of objects possessing 
Bmall depth. But the penetrating power is already on the wane 
and the rays are no hunger able to penetrate the denser parts of 
the bones. Fig. 33 indicates the condition of the tube and gives 
a Bkiagraph with strongly outlined tissue parts of the hand. 

*5. Tvo Soft Tillies. — We are now arriving at the other 
o Dr. K, Kienboeck, of Vienna, for llifse iiifltruct- 



H §13 THE PHYSICS OF ROKN'JGEN RAYS. 


1 


^B extreme, and have hi-re 






H tubes through which the 






^M current is able to paee 






^H freely, but is unable to pro- 






^H duce Roentgen rays becftuse 






H the air-preB8ure is too high, 






H or in other words, the 






H vacuum is too low. There 


1 

H 




^B ia nothing but the violet 




H light found in Geissler 




^M tubes. The presence of this 


^ 




■ light is indicated in Fig. 34 






^H by means of transverse 






^M shadows. 






^P DBRMATOLOGICAI. EF- 






^^^1 Q '^ ^A^ttfkvBAi irm^nr 






^M From the very first intro- ^^J 


^H duction of Roentgen rays in i i ^^^| 


^M therapeutics, various effects f- 


1 fl 


^M have been noticed, on and 




^M off, on those parte of the 


^^^1 


^M flkin that were in imniedi- 


H 


^M ate proximity to the tube. 




^1 In some instances, when 


1 ^1 


^M the exposures were pro- y^ 




^B longed, these effects have / ..r 


^^ H 


^H been very serious, resulting ^^-y 


@;,\ ^ 


^H in serious inflammation and "^^ - tf ^ffl' / ^^^| 
^H gangrene, requiring months •}'' -^j^J ^^\ 


^H or even years to repair. In ^v,.^ ^^^ 


^^k other instances, the right 




^H band was affected from its 




^^k frequent interposition be- 




^H tween the tube and the 




^^k fluoroscf'pe for the purpose 




^H of testing llii' intensity of 


■' 


■ the light. i 



66 THE PHYSICS OF ROENTGEN RAYS. § 1& 

The effects seem to vary in different persons, in some pro- 
ducing nothing more than a reddening of the skin similar to 
that received by a stay at the seashore. 

96. Effects of Hard and Soft Tubes. — The cause of 
thiQse inflammations has not been definitely determined, and 
two solutions have been offered. One is that the rays them- 
selves are the direct cause, while others contend that they are 
caused by electric charges sent out from the tube. The subject 
has been closely studied in Germany, and two parties have 
been formed which defend the two opposing ideas just quoted. 

In order to decide this question finally, if possible. Dr. Rob- 
ert Kienboeck, of Vienna, proceeded to make a long series of 
investigations, in which he exposed a number of persons to tubes 
of very high vacuum belonging to class 2, Art. 94. The sit- 
tings lasted in general for about 10 to 15 minutes, while the 
distance between the tube and the patient amounted to about 
6 to 10 inches. The spark length of the coil used was 12 inches, 
and the current derived from a 110- volt lighting circuit. The 
interruptions were 15 to 20 per second. After giving 80 sit- 
tings, few effects were noticed and what dermatological results 
did follow had been healed simultaneously with the sittings. 
During this time the tube had been growing in hardness. It 
was now replaced by a softer, self- regulating tube, and after 2 
weeks* treatment, all the patients were suffering from intense 
inflammations. 

Dr. Kienboeck then came to the conclusion that it is not the 
electrical charges that are active on the skin, but the Roentgen 
rays themselves, and that the more numerous the latter are and 
the more contrasted skiagraphs they give, the more active they 
are, dermatologically considered. He also found that a certain 
connection exists between their dermatological and their liuoro- 
scopic and photographic effects. For instance, the softer tubes 
that pass a heavier current, but of relatively low voltage, act 
more strongly on the skin and are also best suited for fluoro- 
scopic investigations, giving a strong light. They are also very 
effective in their action on the photographic plate, diminishing 
the time for exposure to a great extent. The hard tubes, on 
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the other hand, pving fewer but more penetrating raye, produce 
lese fluorescence, and their action on the photographic plate must 
be prolonged through a longer period of time. Ab these actions 
are chemical, it isBuggested that the effects of the Rfwntgen raya 
on the ekin are also chemical, similar to those caused by sun- 
light, but highly intensified. 

This view on the cause of dermatitis following Roentgen ray 
exposures is confirmed by the investigations of Branly, Lucaille, 
and Oudin, and which was communicated to the Electrothera- 
peutic Society, of France, by Oudin, in June, 1901. In 
this communication they stale that the Roentgen rays alone are 
r^poneible for the dermatitis. Straeter divides the life of a 
tube into four periods. In the first, the tube is very soft and 
very poor in Roentgen rays, producing no effects on the skin. 
It gives on the fluorescent screen a black shadow of the soft 
parts. During the second period tlie shadows of the soft parts 
appear still dark and those of the bones very dark, the middle of 
the phalanges being hardly transparent. In this state the tube is 
very rich in rays, endowed with relatively feeble penetrating 
power and produces superficial dermatitis. During the third 
period the tube is very rich in rays of marked penetrating 
power; they produce profound dermatitis. On the screen they 
scarcely show the soft parts, and the bones appear very pale. 
Finally, in the fourth period, the tube has become very resistant, 
and nearly the whole electric current passes around it. The 
shadow of the bone has almost disappeared, and the tube lights 
up only at intervals, producing only few rays of intense pene- 
trating power that are no longer able to produce dermatitis. 

That the Roentgen rays are the active factors in the produc- 
tion of dermatitis is the opinion of the majority of authors now 
occupying themselves with the study of the effects of Roentgen 
rays in diagnosis and therapeutics. It seems quite safe, then, 
toafSrm that it matters little what the source of the electric cur- 
rent is, or even if the latter is present at all, as shown by an 
incident related below, the cutaneous effects in skiagraphy are 
proportional to the number and to a certain penetration of the 
Roentgen rays, and that these two factors depend wholly on the 
quality of thu Roentgen tube. 
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That an electric current is not necessary in order to produce 
Roentgen ray dermatitis is clearly demonstrated by an accident 
that happened to Becquerel, the discoverer of the rays that bear 
his name. Becquerel, by carrying in his vest pocket a small 
glass tube containing a few centigrams of radium, produced on 
his own person a grave form of dermatitis. 

97. Aflfected Area. — It has also been found that the 
spot where a line, drawn from the center of the anode at right 
angles to the skin surface, meets the latter, is the part where the 
efiFects first begin to show themselves. The reason for this is that 
this place is nearest the source of the rays and that the latter are 
more numerous around this center line. From this spot out- 
wardly, the dermatological effects are gradually decreasing in 
intensity. The whole affected area is circular, and the diameter 
depends on the proximity to the tube; it is larger when farther 
away, but a longer time is then required to obtain the same 
results. The healing of the affected parts begins at the 
periphery and proceeds toward the center, where the symptoms 
are the last to vanish. 

That the rays are the active element was further proved by 
the fact that whatever forces acted on the skin proceeded from 
one common point. Variously shaped shields of lead were 
interposed between the tu}>e and the skin and in every case the 
skin affections corresponded in area to those that would have 
resulted. if the rays had proceeded from one common point. 

If these conchisions arc corre(!t, then substances that are 
impervious to Roentgen rays should [)revent dermatitis, while 
other substances that [)revent electric charges from reaching the 
skin should be inoperative. The fact was that a sheet of rub- 
ber, which prevented electrical effects but allowed Roentgen rays 
to reach the parts, was no i>revention against dermatitis. A 
glass plate and a tri[)le layer of tin-foil protected the skin to some 
extent. But the most 8uri)rising effects and coni-lusive proof 
was obtained by the ex})eri!nent illustrated by means of Fig. 85. 
Here the tube was so place<l that the anode was at right angles 
to the arm and at a distance of (> inches. The Roentgen rays 
would then proceed only from the left side of the globe and would 




charges would [irocefid from all ov«r tlie lulie. These expori- 
mente do not of neceseity prove that it is the phologniphically 
active Roentgen rays that produce these resulta. It is well 
known that the rays are combined of various varieties differing 
in wave-lengths, and it may 1«3 that rays of relatively greater 
wave-lengtha are the really active agents. 

Q8. Preveutlve Menus. — After all these experimenta as 
to how lo jiroihwe dermatitis, let us now see what means are at 
disposal to •prevail it. The interposition of a cardboard coated 
with tin-ft)i1 or gold-foil, connected to the earth, has repeatedly 
been reconmiended as an effective pruvcntAtive. This would be 
correct if the cause were of electric origin. 

Aa really effective, the following rules should be followed: 
The patient's Ixidy should never be nearer the tube than 6 
inches. By fluoroscopic investigationB through the body, the 
time sboulil never go beyond I5 or, at most, -"iO minviles, in par- 
ticular when very active rays are used. In the making of 
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skiagraphs there is less danger of afiFeeting the skin, as the time 
is rather short when good coils are used. For instance, a 
skiagraph of a hand at 12 inches distance has been taken in 
10 to 30 seconds, while that of a head, thorax, or pelvis 
required J to 2 minutes, at a distance of 24 inches. To have 
the tube nearer is not advisable if the parts shall retain their 
proper relation to each other. 

The operator, who is daily exposed to the rays, needs more 
protection than the patient, in particular during fluoroscopic 
examinations. In general, it may be said that he should 
expose himself as little as possible to the Roengten rays; he 
should place himself in the field of the dark half of the Roent- 
gen ray globe. When obliged to work in the active field, then 
his body should be shielded as much as possible by that of the 
patient. His body should otherwise be shielded by lead plates, 
as supplied with some of the operating tables, and the tube 
itself should be encased in a box coated with white lead on the 
inside to make it impervious to Roentgen rays. This box may 
have a revolving plate with a series of apertures, either one of 
which may be used, depending on the area the rays have to 
cover. Otherwise no Roentgen rays leave the box. In addi- 
tion to this, the box will act as a safeguard in case the tube 
should explode, which happens sometimes quite unexpectedly. 
Such boxes are furnished by the trade. 



PERMEABILITY OF THE III^MAX BODY TO ROENTGEN RAYS. 

99. Comparative Permeability. — The permeability of 
various substances to the Roentgen rays is, as a rule, inversely 
proportional to their specific gravity. On the following page 
we give some of the more important materials with their 
specific gravities and their permeabilities, or transj)arenoies. 
Water is taken as unity in botli, and those of the greatest 
transparency are placed at the head of the list. 

100. Relative IVrmeablUty of Parts of the IJody. 

The various parts of the human body have a varying transpar- 
ency, not alone as to difTerent parts of the same body, hut same 
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PERMBABILITY AITD SPECinC GRAVITY OF VARlOrS 

8UB8TAjrCE8. 



Substance. Specific Gravity. 

1 


Transparency. 


i , 

Pine .56 


2.210 


ParafBn . 




. i .87 i 


1.120 


Rubber . 






.03 


1.100 


Water . 






1.00 


1.000 


Ebonite . 






1.14 


.800 


Charcoal 






1.16 


.630 


Bone . . . 






1.00 


.560 


Aluminum . 




2.67 


.380 


Glass . . 




2.70 


.340 


Tin . . . 




: 7.20 


.118 


Zinc . . . 




7.16 


.116 


Iron . . . 




7.78 


.101 


Nickel . , 




8.51 


.005 


Copper . . 




8.92 


.084 


Silver . . 




10.24 


.070 


Lead . . . 




11.30 


.055 


Mercury 




13.50 


.044 


Gold . . . 




10.63 


.030 


Platinum 




21.53 


.020 



parts of the diflFerent bodies also ehow some difference. In gen- 
eral, the following differentiations niay be made: 

1. Bones are less transparent than the .surrounding tissues, and 
the more lime they contain the less transparent they are. Not 
alone can bones be studied in their nonnal condition, but the 
location and condition of broken or di.«lo^ate<l parts can also be 
observed. 

2. The muscvlar layers have a medium density, somewhat 
similar to that of the internal organs, stw.li as tlie kidneys, 
liver, etc. 

3. The ti.sBues of bhofl-'fjis^h and rif^rr/.t at*- a little more dense 
than the surrounding njuseles. but not enough to make any dis- 
tinction l>etween them. 
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4. Foreign bodies imbedded in the muscles or internal organs 
are of so much greater density than the latter that they can 
easily be distinguished. Among these may be mentioned bul- 
lets, splinters of metals, stone, or glass, etc. TrichinsR when 
calcified may likewise be detected. 

6. Calculi in the bladder have also been observed, but 
require most careful manipulation of the Roentgen ray tube 
and negative. 

DEFINITIONS OF OBJECa>» IN A FIA'OROSCOPE OR ON A 

SENSITIVE PI.A.TE. 

101. Requirements for Sharp Definition. — To obtain 
Roentgen ray jnctures in which the objects are clearly out- 
lined, it is necessary that the latter should be as near the 
sensitive plate as possible. The further an object is removed 
from the plate and the nearer it comes to the Roentgen ray 
tube, the more will it lose in sharpness of outline and detail. 

The rays proceeding from 
object to plate will grow more 
and more difiFused and finally 
will not reach the sensitive 
plate at all, or, at least, not 
visibly so. 

Fig. 36 will make this phe- 
nomenon more clear. Let X 
be the platinum anode in 
a Roentgen ray tube and P 
a sensitive plate. If, now, a 
coin B be held in the position 
^'^' ^ indicated, it will throw a dense 

shadow B^ of a diameter very nearly that of the coin. It will 
be seen at once that the nearer the coin and the shadow come 
together, the more their dimensions will coincide. 

Another coin A, placed noar the illuminating source X, will 
throw shadow .4,, which is of a much greater diameter than 
that of 7^,, but also of much less density. The dimensions of 
the shadows are inversely proportional to the distance of the 
object from the illuminating source. 
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102. Diffusion of ShadoT^B. — Though these properties 
of the shadows in some instances produce confusion in the 
resulting n^ative, in other instances, again, they contribute to 
rid the field of shadows that are not really desired. 

For instance, let it be supposed that the two disks A and J9, 
Fig. 37, are imbedded in the block S, and that it is required to 
make a Roentgen ray picture of the disk B on the sensitive 
plate P. We have here the disk A lying directly in the path 
of those rays that reach the disk By and would naturally con- 
fuse the outlines of the latter. To prevent this, the Roentgen 




Fl(i. 37. 

ray tube is placed as near the disk A as practicable and B 
near the sensitive plate, in order to diffuse the shadows of the 
former over as large an area as possible, while the shadow 
from B is left in the clear outline. It will be noticed in the 
illustration that the shadow A' is evenly distril)Uted verv 
nearly all over the plate and is, therefore, practically elimin- 
ated from the negative. 

am. Separate Objeets Kqiially nefln'.»(l. --Should it, 
on the other hand, be necessary to 8U])eriinpose the shadows of 
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two or more objects on each other in order to ahow their rela- 
tive positions, then it is necessary that the distance between 
them and tlie Roentgen ray tube should be large in comparison 
with the individual distances between them and the negative 
plate. In other words, the Roentgen ray tube should be as far 
away as possible to obtain 
shadows of the same sharp- 
ness and also of the same size, 
if both objects are identical in 
their dimensions. Of course, 
this distance is somewhat 
limited by the consequent 
increase in time of exposure 
and cannot well he over 4 feet 
This combination is shown in 
Fig. 38, where ,-1 and B are 
two cylinders of bone im- 
bedded in a block 5 of paraf- 
n that rests on the plate P. 
The Roentgen ray tube anode 
X sends its raye down to 
^lof- the cylinders, producing the 

shadows A, and /!,, which are seen to overlap each other 
and to be of tlie same density and size. 




104. Other Causes of I>lfrii»ilon. — There is another 
cause that contributes to the diffusion of the shadow when an 
object is too near the source <>( light. This is founded on the 
fact that the source from which the light is emitted in a 
Roentgen ray tube is not a /«)('»!(, but a disk- <if measurable 
dimensions. Usually this disk has a diameter j'* lo -i\ inch, 
but sometimes it is considerably larger. In additioti tii this, it 
has been observed that the whole surface of the anode is more 
or less active in sending ont a feeble light. 

Showing an exaggerated size of the radiating disk A', we 
will observe the effects in Fig. 39. The rays h. h will give 
the outlines B^ of tJic coin li, as before, but in adililion to 
tbefle rays it will be noticed that rays from all over tht^ disk 
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will pass along the edgea of the coin, being limited by the 

rays 6, b,. This supplementary illuminatiuii will thruw the 

shadow fi,, Bt>th shadows would be of the same density and 

constitute one shadow but for 

the fact that the ring-ehaped 

surplus shadow of B, receives 

supplementary rays of light 

from the outlying parts of the 

disk ,Y and, therefore, loses in 

density. By placing a coin A 

nearer X, the effect is still 

more exaggerated and we now 

find that the shadow A, covers 

an area many times that of ^,. 

The difference between them 

is, of course, here greatly 

exaggerated hy giving the disk 

X so large a diameter, but objects placed in a position like that 

of A will throw shadows, the difference between which will be 

enough to produce outlines lacking in clearness. 

Attention may here be called to another phenomenon that 
tends to decrease the sharpness of a skiagram. It has been 
found that when the air is exposed to Roentgen rays, it 
becomes an active agent in diffusing the latter in all directions. 

When hard tubes are used, the anticathode takes part in this 
radiation, and also the walls of the tube and the metallic parts 
in the same. The supplementary action of these ]tart8 increases 
with the increase in vacuum. 

Other surroundings of the sensitive plate, such as the table, 
the operator himself, etc., act also as additional diffusive agents. 
These diffused rays are, of course, not as strong as the direct 
rays, but it may, nevertheless, be supposed that their united 
action during an extended exposure tends to spread a veil over 
the whole plate and to lessen the contrasts. For this reason, 
the method has lately been adopted of limiting the rays solely 
to the part to be skiagraphed by means of a box lined on the 
inside with a lead plate of about ^ inch thickness. This box, 
ia whicli the tube is placed, has already been described. But 



^ 
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it may he added that hy means of variahle apertures, the area 
of illumination may he limited to just the recjuired extent for 
covering the parts desired in the skiagram. 



I>ISTORTIVE ACTION OF THE ROENTGEX RAYS. 

105. Cause of Distortion. — It is generally known that 
the shadows shown in the fluoroscope or on a skiagraph show 
the object represented in a more or less distorted form. The 
reason for this is not always understood, and, by some oper- 
ators, it is supposed to be a peculiar property possessed by the 
Roentgen rays themselves. This is not the case; the rays 
emanating from the anode proceed along straight lines and 
outline the shadows with mathematical precision. That the 
resulting image shows some of itti dimensions entirely out of 
proportion in comparison to others is not the fault of the rays, 
but an inevitable result from the position of the tube, or, more 
correctly, that of the anode. The cause of these distortions 
being known, it is possible to modify them, and, to a certain 
extent, to avoid them on parts tliat should be shown in 
correct positions and outlines. 

106. Sun Shadows. — In Fig. 40 (a), -4 is a body made up 
of bars partly parallel and partly at right angles to one another; 
all bars being of the same thickness. If this plate is laid on 
a sheet of paper and exposed at right angles to the rays from the 
sun, then the rays will all he parallel to one another and, also, 
to the sides of the bars. No shadows will be visible, and if a 
pencil were made to trace lines along all the sides, it would out- 
line an image that would correspond in its dimensions with 
those of the body. The sun-rays would trace a shadow entirely 
identical with that made by the pencil, which in both cases 
would appear as indicated by Fig. 40 (6). 

107. Roentgen Ray Sliadows. — If we now replace the 
BUn by the anode A', as in Fig. 40 (a), we find the conditions 
entirely changed. The source of liirjit is now within nioasurnble 
distance and will no longer send parallel rays, hut such as 
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diverge in all directioDa. The rays will, therefore, not pass 





jMisUel with the sides of the bare, hut will either leave both 
of their sides in shadow or will only illuniinatt; one of them. 



A 
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consequently shadown will.be thrown in all directions, as seen in 
the illustration. These will grow in extent the farther the parta 
producing them are removed from the vertical cent«r line Xa. 
The shadows that thus result are shown in Fig. 40 (c). Com- 
paring this figure with Fig. 40 (6), we notice a great difference 
in the length, the width and the thickness of the bars. The only 
dimensions that are somewhat correct are those belonging to 
■parts situated near the center of the body. In addition to this, 
we notice that instead of showing the intervals l>etween the bars 
at the extreme left and right, we find, on the contrary, a 
deepening and overlapping of shadows. This overlapping 
would also occur at other places, but has here been partly 
omitted as not essential. On seeing this shadow, and not 
having seen the body producing it, an estimate of its shape 
and dimensions would not be a simple matter. 

108. Preventing Distortions. — The method to be pur- 
sued to avoid these distortions is illustrated by means of 




Fig. 41. The anode is represented by A' jind the whole active 
field of the rays is outlined by tht- half-circle nhc. Theoret- 
ically, the field should be uniform in strength, dear uji to points 
a and c, but practically this is not the case, it having been 
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found that the field decreases in strength along the radii lying 
at an angle of 2** or 3*^ with the radii aXor cX, Nevertheless, 
this field is not used to its extreme limits for other reasons, one 
of these being that the rays in certain directions will have to 
pass through glass for a long distance, as, for instance, beyond 
the radius dX. For this reason, the field is usually limited to 
the part included by the radii dXsnid eX, or the angle x. The 
line XX^ constitutes the center line of this field. 

109. Correct Position of an Object Relative to the 
Roentgren Ray Tubes. — To receive rays of uniform intensity 
and to have its shadow free from distortion, any object must be 
equidistant from the anode X throughout its length and width, 
or, in other words, to constitute part of a sphere. This being an 
impossibility in skiagraphy, a compromise has, in some casea, 
been made by making either the sensitive plate or the fluor- 
escent screen of flexible material, such as celluloid, and bending 
it in conformity with the arc ebd. In the majority of cases, 
this is not only impracticable, but also undesirable, and one is 
obliged to compromise by placing the vital parts in the correct 
position and let those of less importance be more or less 
distorted. As the fundamental rule for finding this position, 
the following may be noted : 

Rule. — Tlie vital part of an object to be skiagraphed shoidd be 
placed over the center of the sensitive plate and the latter should be at 
right angles to tht line connecting the center of plate with the center 
of the anode. 

The plate P^, with the blocks o, o,, occupies a correct position. 
An interval has been made between the two blocks to illustrate 
the importance of the position when bone joints are studied; the 
angle that the plate occupies with reference to the line XX^ 
being the only one in which the inter\'al will be given its full 
value. Plate P, gives another position in which the size of the 
blocks and the interval will be correctly skiagraphed. In fact, 
a plate placed in any })Osition equidistant with plate P,, inside 
the angle j, will give identical results. Using a geometrical 
term, it may be said that a plate })laced tangential to an arc 
having Xas center, will give correct skiagraphs. Of course, it 



80 THE PHYSICS OF ROENTGEN RAYS. § 13 

is understood that the angle x is spherical and that it, also, will 
include a similar angle in a plane at right angles to the paper. 

110. Incorrect Position. — If, on the other hand, the 
plate P^ is moved to the left so as to occupy position P„ the 
rule is no longer complied with and distortion will take place. 
We see that the ray JT, is no longer at right angles to the plate 
P, as were rays X^ and A^ The skiagraph on the former will 
not give the interval between the blocks, and will greatly distort 
the shadows. 

111. Decrease in Illumination. — In addition to this, 
it should be remembered that the rays intercepted by plate P, 
are not only farther away from X, and for this reason weaker, 
but they are at a certain obliquity to the plate, the angle of 
incidence decreasing with the increase in distance from the 
center line X Xy The greater that this obliquity is, the more 
will the plate approach a parallelism with the rays, and, con- 
sequently, the smaller will be the number of rays that are inter- 
cepted by the plate. In other words, the density of rays per \init 
area will decrease with an increase in the oblufuity of the rays. 

112. Position of liar^e Plates. — When a plate is so 
large as to simultaneously occupy the positions of the plates P„ 
P, and P„ it would be impossible to give it uniform illumina- 
tion. The outlying parts would be found to be less illuminated 
than the central part, and a skiagraph would show an under- 
exposure in the former parts. For these reasons, it is always 
desirable to have the anode as far removed from the plate as 
possible, if uniformity in the illumination and proportions of 
the image are required. 

Of course, this is not always possible, and then a compromise 
must be made. The thicker parts of the object, which, if lying 
some distance from the center would cause more distorted 
shadows than thinner parts, should 1)6 located as near the center 
as possible. For instance, if a hand is 8kiagraj)hed, it would be 
preferable to have the wrist, as the thicker part, nearer the 
center position than the fingers. The latter, which decrease in 
thickness towards their ends, would be less inclined to distort 
the shadows. And thus, in many other cases, remedies will 
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suggest themselves for avoiding distortions, either by moving 
the tube or by tilting the object in a position that will allow the 
rays to act in the most advantageous directions. 



IXKJAI^IZATION OF FOREIGN SUBSTAXCKS IMBEDDEI> 

IN THE HUMAN BODY. 

113. Fundamental Principles. — It is often of vital 
importance to detemiine with exactness the position of a bullet, 
or similar object, situated somew^here in the human body. 
There are various methods bv which this has been accom- 




Fio. 42. 

plished, but they are all very similar in principle. Reduced to 
its simplest elements, the principle may be illustrated by means 
of Fig. 42. 

If the two parallel lines 7/1 and n be connected by means of 
two lines (Tossing each other at point f, two similar triangles 
will be j)r()(luc(id in which, according to well-known laws, the 
distance ./• and d — x will have the same relation to Qiwh other 
as the lines n and m, or, stat<'d in the form of a j)roportion, 

m : n :: (d - x) : x. 
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ConBequently, 



n(d — I) 






(1.) 



This means that if the length of the two lines m and n be^ 
known, likewise their distance apart d, then it is poeeible to [ 
determine the distance of point e from line n. 

Example.— When m = inches, n = 2 inchea, and rf — 12 iaohea; 
find I. 
SoLtTiuN.^ According lo forinula I, 

_nXd_2X12_„. 
' - n + m " 2 + 6 ^ ^ '"■ 
The point >■ is ^ incheft above line n. Ans. 
114. Pracllvul Kxatiii>le. — In extending the use of this 



fortnula t<i Roentgen ray work, we would, in a general wny. 




proceed as follows, and as illustrated by means of Fig. 43. 
Let X represent a Roentgen ray tube that is supported on the 
rod A of stand S in such a manner that it may slide in either 
direction along the same. L is a block of puratlin containing a 
bullet B. P is the seneitive pkt« on which it is required to 



^L direction alon; 

H bullet B. P j 
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picture shadows of Ihe Imllet. The first requirement is to mark 
the center of the plate, and to have this point vertically tinder 
the center point of the anode a, using, for this purpose, a 
plumb-line. 

115. Marklug of Plate and Bo<1y. — Various means 
may be chosen for marking this point. It must be noted that 
it is not alone a question ot marking the outeide of the envelope 
in which tlie plate iiaiially is placed, but, also, the mark must 
be of such a nature that it will be visible on the developed 
plate. This may be done, fur instance, by constructing a 



^^^^^ . ■ .. . .. _^ 

.t 

'j 



frame A, Fig. 44, provided with an opening a acrofis which two 
wires be are fastened, their point of int^irflcction being, also, the 
center point of said opening. It, now, the tliniennionH of the 
sensitive plate correspond with those of the oiMining a, the frame 
may he i)Iaced over the plate, and the latter wiU, then, after 
exposure to the rays, show the HhadowH of Die wire with their 
point ot intersection. 

It is customary to paint these wiros with aniline ink for the 
purpose of leaving an imprint on the part of the human body 
with which they come in contact. The mark on the body and 
on the Bensitive plate will then coincide and it will lie [N>68ihle, 
by means of these pointii of reference, to ascertain the exact 
position of the body relative to the [>lat«. 



84 



THE PHYSICS OF ROENTGEN RAYS. 



§13 



In order to still further determine the exact iioeitioii of the 
plate, in relation to the hody, a small plate of nielal of suitable 
form may be fastened to the frame, as uliown at rf, Fig. 44, 
which represents a small triangular ])i<K;e partly projecting over 
the plate on which it will leave a mark after exposure. It is 
thus determined what part of the frame was either to the right 
or left, as this piece will also leave a mark on the body itself. 

In this instance the block has been made of the same 
dimensions as those of the plate, so as to make the application 
simpler, and it follows, therefore, that the center of the block 
will coincide with that of the plate. 



116. Position of the Tube. — Next, in order, is the pla- 
cing of the tube in such a position that the distance between the 
platinum anode and the sensitive plate will correspond with 
the distance decided on. Let it be 12 inches. To determine 
the position that the tube should occupy on either side of the 
center line, it is customary to have a zero point marked on the 
rod A and to have both halves of the latter marked off in inches. 
It is then possible to at once read off the distance through 
which the tube has been moved to either side of the center. 

The requirements are now the throwing of two shadows of the 
bullet on the plate, one on either side of the center line b. To 
accomplish this, the tube 
is liTSt moved through a 
. chosen distance to the right 
of the zero point, say (S 
inches, then an exposure is 
made and the tube is moved 
to the left of zero, either 
through the same distance, 
iir, for some reason or other, 
thnniph a smaller or larger 
im.e. Let it, in this instance, 
also, be inches; again an I'Xposuie is made. These exptLSun-s 
can cither he made on the siinii; plate or on two .-ci.anili' plates. 
We have now all the dala necessary lo determine the exact 
position of the bullet. 
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117. Api>earanee of the Skiagraph. — On developing 
the plate, it was found to have the following appearance (see 
Figs. 43 and 45) : b and c are the shadows of wires b and c, d 
that of the triangular plate, and e and / those of the bullet. 
It so happens that the shadows of the bullet coincide with the 
middle line c. 

118. Distance of Bullet From Surface. — From formula 
1, Art. 113, the vertical distance from the bullet to the sensi- 

w X rf 
tive plate is ; — ; the total motion of the tube is 6 + 6 

'^ n -}- VI 

= 12 inches = m; the distance between the shadows e and/ 
= 2.5 -f 3 = 5.5 = n; the height of the tube over the plate 
= 12 inches = d, 

X = f-->~i io ^^ ^-77 inches, 
o. o -j- 1 z 

From this we learn, then, that the bullet is situated 3.77 
inches above the base of the block L. 

119. Exact Liocation of IJullet. — It remains yet to 
ascertain the exact location of the bullet either to the right or 
left of the line b. Various appliances have been suggested for 
this purpose, consisting mainly of a series of silk threads and 
weights, by means of which it is possible to reproduce the 
average length and direction of the Roentgen rays that pass 
through the bullet, and in this manner to find their point of 
intersection. By determining the position of the latter, in 
relation to the center j)oint of the negative, it is possible to tind 
the location of the bullet. 

120. Graphic Solution. — It seems, though, that any- 
body in possession of the most el(*mentary knowknlgt^ of draw- 
ing could, by means of a drawing-board, a sheet of j)aper, and 
a T-square, solve the whole problem in a few minutes, even 
without using formula ], Art. 1]»}. 

Fig. 40 indicates how the problem, illustrated in Fig. 43, may 
be solved at (mce and in an easy manner. Let A be a sheet of 
paper fastened to a drawinj^-board by means of ordinary 
thumb-tacks, and let (■ be a T-S(iuaro. Draw the two lines //♦ 
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and n parallel to each other and at a distance of 12 inches 
apart, corresponding to that of the tube above the plate. Then 
draw the line m^n^ through the middle of the paper and at right 
angles to both. 

The lengths m^ m^ and m^ m, correspond to the distance through 
which the tube was moved on either side of zero point m^. In 
this example, each of the latter was 6 inches. From the nega- 
tive, Fig. 45, we find the center of shadow e to be at a distance 




Fio. 46. 

of 2.6 inches from center point i, and that of/, 3 inches from 
the same. On the drawing, these dimensions are laid oflf on 
either side of the point ti^; n^, ?ij and n^ n^ being, respectively, 2.6 
and 3 inches long. 

These are all the data required, and it only remains to connect 
the points vi^oi^ and m^n^ to find the point of intersection e. 
Measuring the distance en, we will find it to be 3.77 inches, the 
same as found by means of formula 1, Art. 113. But this 
point is now to the right of the center line at a distance that 
will be found to be equal to . 18 inch, or about y^^ inch. After 
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mftrking off this dUtance on the negative at e„ Fig. 45, we know 
that the bullet is situated 3.77 inches vertically above this 
point. 

121. Another Example.^In this example we have 
aaeumed, for the sake of simplicity, that the two shadows of the 
ballet lie along the line c, 
Fig. 45. This would b« a 
rare coincidence, and in 
a majority of c&tes the 
shadows would be situated 
in two separate aquarea, as, 
for instance, in Fig. 47, 

We will assume that the 
distance of the tube from 
the negative is the same 
as before and the move- 
ment of the former tn either 
side of zero line 6 inches, 

as before. The method of executing the drawing is also similar, 
and is dearly shown in Fig. 48, The various jjoints and lines 
are marked to correspond with those in Fig. 46, thus fat^ilitatirg 
an easy comparison. The point e, is found to be situated 4 
inches above the plate and .67 inch to the right of the center 
line m,ii,. To find how far behind line c the bullet is situated, 
should in reality require another drawing, with Fig. 48 shown 
in a side view, but the same drawing can be used for both 
purposes, thus materially simplifying the whole procees. All 
that is necessary is U) ky ofT tlie distance ii, ii,, equal to 1 inch, 
as indicated in the negative. Fig. 47, and to conuect m, to m, 
with a line. If, now, a line x parallel with n be drawn through 
the point e,, the point of intersection between this line and the 
line nijii, will determine the point r,, as shown in the drawing. 
The distance between this point and the center line in,n, tells 
UH how far the bullet ie situated behind the line c in the nega- 
tive. Fig. 47. It is found here to be .60 inch. These two 
distances, .(>3 and .67 inch, are both laid off on the negative, 
and locate the exact position of the bullet at the point e^. 
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The method of locating here illustrated is capable of a great 
many modifications, which it is unnecessary here to follow out 
in detail. The principle will, in the main, be the same, and 




Pig. 48. 

if once understood, should offer no difficulty in its practical 
application. 

122. Other Methods. — In addition to the methods 
already given, numerous others have been suggested. We will 
here make mention of one or two that will allow of a great 
many variations. 

Levy'Dorn suggests the following procedure when a foreign 
body, for instance, is to be located in the thorax. The patient 
is placed in a chair with a Koentgen ray tul)e either in front or 
rear. By means of a tluoroscope, the position of the bullet, if 
such it bit, is ascertained, and the tu))e is moved until it is in the 
same horizontal plane as the former. A metallic ol>je(*t, such as 
a coin or button, is now fastened b}- means of court ])laster in 
a posititm so as to cover the sliad()W of the bullet, as shown at 
a. Fig. 49 (//), in which .1 represents part of the tbora.x, 7> the 
bullet, and A'l the anode of the tube. After fastening a similar 
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mark at b either the body or the tube is moved so aa to occupy 
a position of X, relative to the body. Marks c and <( are then 
fastened in the same manner. If now a uyrtonieter, a lead 
pipe, or a piece of armored tub- 
ing be laid around the thorax, 
the position of the marks a, b, c, d 
can be marked off on the 
cyrtometer. When the latter is 
removed from the body and laid 
on a sheet of paper, it is possible 
to trace the curvature on the 
latter and to mark the four 
points. When these are con- 
nected nith each other by lines, 
as indicated in Fig. 49 (6), their 
point of intersection £, indicates 
the position of the bullet. 

A modification of this method 
consists in using metal rings that 
move along metallic bands. The 
rings are adjusted in the manner 
just described until the bullet i^ 
visible tbroi^h the rings. When 
the rings occupy the correct 
position, a mark is made on the body insidi 
which the relative position may be asfurtained \'\ 
cyrtometer, as previously indiuitid. In pluue uf i 
it is possible to use a nietullic pa^te made of ] 
vaseline. 




ring, lifter 



FI^irOltOSClU'Y. 



ITH FIKM) .\NI> ADVANTACiK-i. 

123. The uiiiin iidviuUiigo <.f (lu.>r<.sci.i,i,: exam 
consists in the Oiise ;uid facility witli wliich tbi'v can Ik 
taken at any nuiiui'dt wiihoiit wiiiling for a jiryviou.'^ t- 
and development of a sensitive plate. Also, the possi 
observing the various parla <>[ tlie body iii iietiim and, i 
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these parta are injured, to make a preliminary survey of the 
nature and extent of the latter. On the other hand, it should 
be remembered that a fluoroscopic image will never have as 
exact and clear a delineation as a skiagram, in which the diffu- 
sing action of the screen is avoided and the accumulative action 
of the rays is taken advantage of. It is also to be added that 
the pelvic regions cannot be examined with the fluoroscope, and 
no information obtained in that manner is comparable with 
that of a good skiagraph. 



FLUORESCENT SCREENS. 

124. The Use of Shades. — When the larger sizes of 
fluorescent screens are used for fluoroscopic examinations, they 
may be fastened to a wooden frame to facilitate handling. If 
the dimensions are about 12 inches X 16 inches, they are 
sufficiently large for observing the largest part« of the body. 
It may be, under certain conditions, that some parts of the 
screen are more strongly lighted than others, and that these 
parts have a disturbing influence on the eyes in preventing 
them from studying parts situated in denser shadows. In this 
case it is advisable either to use a screen small enough to cover 
only the desired part or to use shades of cardboard in which 
openings have been cut of a size and form more nearly corre- 
sponding with the organs under observation, and thus repress 
the light from other parts. Even when working with the 
fluoroscope, it is of advantage to use cardboard shades for 
limiting the view to smaller areas. For instance, when eye 
cavities are examined, a shade with an opening of 
2.5 in. X 3.5 in., or 2.5 in. X 4 in. may be of advantage. 
This shade may be fastened to the sc;reen by means of hooks. 

The same rule, as regards the position of the sensitive plate 
relative to the tube, holds true also with the fluoroscope. 

125. Suitable Tubes for Fluoroseopes. — It has 

already been said that the tubes for fluoresce) j)ic work must 
be softer, and that this softness must vary according to the 
density of the parts observed. Thus a tube suitable for the 
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pelvis would be of little vulue for the arm or leg, becauee it 
does not poBsees enough differentiation. 

126. Sklaari^phe Supplpiiieiitvd With Fluoroscopic 
Examinations. — SometimeB when a ekiagraph has been taken 
of a foreign body imbedded in the muscles of one of the limbs, 
there is some uncertainty as to whftlier the object is situated 
on the upper or lower side of the bones. In such cases, the 





skiagraph should be Bupplementcd by a flnoroscopic- examina- 
tion. For this jmrpose either of lh>- following mt'lhoils may 
be used: 

In Fig. 50, A" is the annde cit the tube. ,-1, a section of a limb 
with the bone and bnllet li. >', is a lliiorescoiit screen on 
which are thrown the shadows B, <if tlio Imllet nnil <\ of the 
bone. On moving the screen and the litiili in the Jireeti(Hi of 
arrows a, the limb and the ecrecn will occupy the [wsilions A, 
and F,, respeelively. It is seen that the shadow ^i^ has changed 
from left to right and now has position /J,. From this hc 
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deduct tlie rule, that when a foreign )>ody ib Bituated between 
the tube und tlie l>one it wilt move in the Bainc direction as the 
screen and tlie limb. When located liCtv/een the screen and 
the bone it will move in a contrary direction. 

n more convenient, the tube may be moved to the left or 
right while the limb and the screen remain stationary. Then 
the bullet in Fig. 50 would move in an opi>osite direction. 
Instead of moving the screen and the limb, it may be sulticient 
to Bimply rotate the latt«r around its axis. This method is 




?' 



K^ /I 




illnstratetl by means of Fig. 51 ('i) and (6). The letters in 
Fig, 50 are again used to represent the same iiarts. In 
Fig. 51 (h), the bulh^t appears on tlie fliioroBccnt screen to the 
left of the bone C^. liut nn rotating the limb in the tlircction of 
arrow a the bullet nppears to move in tin; f^iinie direetirm as the 
upper side of the limb, as seen in Fig. 51 (/i>, where tlie bullet 
now oceupiep position 1!,. t'onfiequently, it niiisl I'c siluiilcd 
between the bone and the tube. It lielmv the hum' il wmld. 
of course, move in the opposite direction. 
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THE OPERATING ROOM. 

127. It should be the main object to insure stability in the 
operating room and to provide subdued colors. Vibrations are 
bound to take place when a motor or motor- vibrator is used, but 
these should not reach the Roentgen ray tube, otherwise they 
are bound to interfere with the production of good skiagraphs. 
It is often that large stands placed on the floor are used for the 
support of the tube. This is to be avoided, as the vibrations of 
the tube are greatly magnified, and even footsteps on the floor 
will aflfect the tube. If })0S8ible, a bracket, somewhat similar to 
that used by dentists should be fastened to the wall. An 
extension rod may be inserted in the end and in this manner 
it would be possible to put the tube in any de8iral)le position. 
At the same time it would be out of the way and safely sup|)()rted. 

The table should likewise be one with a solid, plane surface, 
well supported on strong legs, and about 28 to 32 inches high. 
The dimensions of the top may be about 2 by 7 feet. 

A few bags of greater length than width, and filled with sand, 
have been found very useful in giving support to the body or 
limbs when the fluoroscope is used or skiagraphs are taken. 
The bags should not be so full as to make tlicni hard. 

For the parts to be skiagraphed, absolute ininiohility must 
be secured, and the patient shouM otherwise be impressed with 
the importance of keej)ing the whole body as (|uiet as possible. 
If other parts of the body move, then the parts situated over 
the sensitive plate will unconsciously j)artake of tlio motions 
and prevent the skiagraph from giving details and shar}) out- 
lines. For this reason, many ojxTators prefer to strap Xhn parts 
in question to the table or place heavy articles, such as 
weighted cushions or hooks, over the parts. Tliis serves not 
alone the purpose of preventing motion, hut also brings the 
various parts in closer proximity to the plate. 

The room itself should have walls, ceiling, and floor of dark 
colors, devoid of reflection, if it is desired to work advantageously 
with large fluorescent screens. 

There are two imj)ortant factors in ev(»ry successful fluoro- 
scopic examination that the beginner in this line of work must 
not neglect. We refer to the necessity of working in obscurity 
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and to retinal adaptation. A single test of the importance of 
these two factors will at once demonstrate their value. 

From the researches of Parinaud, we learn that after the 
operator has spent 10 minutes in a darkened room, the retina 
has become 50 times more sensible to the light emanating 
from the screen, and that after 20 minutes the sensibility 
of the retina is 250 times greater than in ordinary daylight. 
Many physicians have become dissatisfied with the results of 
their fluoroscopic work, simply because they neglected these 
two factors. 

In order, therefore, to do satisfactory work with the fluoro- 
scope the physician should thoroughly darken the operating 
room, and he should remain in the same at least 10 minutes 
before commencing examinations. 
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INTRODUC^TIO^^. 

1. The process of skiagrraphy is hased on the photographic 
eSecta produced by the Roentgen rays. It means, in reahty, 
the art of making a shadow plan of an ohject. 

One of the first effects observed hy Roentgen, while studying 
the rays, was their influence on pliotogra})hic phitrs in a man- 
ner similar to that of ordinary light. Since then, the utili- 
zation of this welcome means for j)ermanently retaining and 
recording the invisible shadow thrown on the plate has ]>een 
used extensively, and is constantly growing in importance. 

We say, advisedly, ^^ invisible," as right here is the main 
difference between skiagraj)hy and ])hotography. In the latter 
there is an image visible on tlie ground gla^s of the camera with 
infinite variations in colors and gradations in light. In 
skiagraphy we see nothing and the image would have hem non- 
existing, as far as humanity were concerned, if the rays were 
not able to effect chemical combinations and to llnoresee various 
substances and, thereby, show their presence. 

As skiagraphy occuj)ie3 i>ut a small ])!irt of the pnu'css of 
photography, it will ix^ well to limit ourselves strictly to that 
part that is absolutely necessary for tlie making of a good 
skiagraph. 

THE SEXSITIVP: PLATE. 

2. Silver Salts. — Silver when combined with bromin or 
chlorin, forming bromid or chlorid of silver, resj)ectively, 
possesses a certain sensitiveness to light whereby it suffers 
a chemical decomposition and also j)artly changes in color. 
The change in color is more noticeable in the rhlnri<l combi- 
nation, while the rapidity with which thc^ de(*omj)ositi(Hi is 

/•hr notici it/copj/riijM. tue jHigr imnudintdy JtAlowing the tUh jmi/r. 
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afft^^ted in brtymid of silver makes the latter more desirable for 
ctrrtain purpoees. 

To utilize these properties of the silver salts for photographic 
purpoeesw they are mixed with a solution of gelatin and spread 
over the surface that is to receive the image. This may be 
gLfcS{^. celluloid, or paper, and these substances, when thus 
covered, are sensitive to light and constitute sensitive plates, 
film*, or papers. Usually they are referred to simply as plates^ 
litffLK or brr>fnid paprr. By reason of its extreme sensitiveness 
and the short exposure to light required by bromid of silver^ this 
salt is, as a rule, used exclusively for this purpose. It allows 
exjx>?ures to daylight as short as y^Vr second, and when 
lightevi by an electric spark, far shorter than this. The image 
pnxluced on the plate by chemical decomposition is not visible, 
and a further chemical treatment is required before a visible 
image will l>e produced. 

Chlorid of silcer^ on the contrary, while much slower in its 
action, pRnluces at once a visible image, that can be used, as 
such, without any additional treatment, except to make it per- 
manent. This salt, when mixed with gelatin or collodion, is 
uaoil to cover printing papers^ intended for purposes to be 
explaintnl farther on. 

;i, Tho Honsltlve Coating:. — The first thing, then, to be 
ixuisidertHl is the sensitive plate of glass that is used almost 
exclusively in Roentgen ray work. There are a great many 
plates on the market and some of these are made exclusively for 
expiWtires to Roentgen rays. These are given a heavier coating 
of gelatin than the ordinary plates and have, therefore, a larger 
anionnt of sensitive salts distributed over the plate; some 
have, also, superimposed layers of gelatin of varying sensitive- 
luw*. This is for the purpose of giving a denser image and to 
alltiw for a greater freedom in time of exposure. The price of 
IhoBO ■p<»cial Roentgen ray plates is greater than that of ordinary 
plfttM, audi as Seed's 26X and various others, and some 
onarators have not found enough difference between them and 
Uhwp ninde for ordinary photographic purposes to warrant the 
additional outlay in price and other inconveniences incident to 
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their use. For beginners, special Roentgen ray plates have 
some advantages, in that each plate comes in a separate, light- 
proof envelope, and that it, therefore, can be used at once for 
Roentgen ray purposes without any further preparation. After 
exposure, they are, as a rule, sent to some photographer, where 
they are subjected to further treatment and then returned to 
the operator for examination. 

4. Advantage of Personal Attention to Develop- 
ment. — Other operators prefer to treat the plates themselves 
from b^inning to end. We think this is advisable in all 
cases where it can be conveniently done, that is, where time and 
space do not prevent it. The treatment of plates exposed to 
Roentgen rays demands a different treatment from that given to 
ordinary plates, and such as a commercial photographer has 
to learn before he is able to bring out on the plate what should 
be there. Then again, there are cases where only repeated 
experiments with a proper combination of time of exposure 
and suitable development Avill give the desired results. Results 
that might be impossible of attainment, if left entirely to the 
hands of a stranger, not to mention the expense and delay 
incident to the latter method. 

Many physicians think that the time required for this after- 
treatment is too much, and have also a certain distaste for the 
work itself, considering it more or less ''messy." To them we 
wish to say, that when done systematically, this work recjuires 
very little time and is devoid of any tendency to "messiness"; 
on the contrary, it demands tliroughout the n)()8t fastidious 
cleanliness. 

titt: dark itooM. 

6. Clieniloal Action of Various Colors. — An ordinarv 
sensitive plate does not show the same sensitiveness to the 
various colors. It is found that ycUow^ ordiKje^ and red have 
much less effect on it than hlue^ indigo^ and vinJei^ while (jnrn 
stands midway between these two classes. This insensibility 
to reddish light is taken advantage of when sensitive plates 
have to be handled. But it should be remembered that even 
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red will in time affect a plate, and that no light is absolutely 
safe. By a dark room, then, is understood a room that is dark, 
speaking in a photographical sense, because lighted with a red 
light, but still light enough to handle with ease and to locate 
the various objects required for further manipulation of sensi- 
tive plates. As so much time is spent in the dark room and so 
much depends on its practical arrangement, it will repay us 
from the start to make this so as to fulfil all reasonable 
requirements. 

6. The liocatlon. — The locatioA of the dark room should 
be such that it is not too hot in summer or too cold in winter. 
Of the two evils the first is the worst. A dry cellar may 
answer, and a room boarded up there that may be reasonably 
warm in winter, if near the furnace. If better places are at 
disposal, then good ventilation should be the first considera- 
tion, preferably one with an outside window. This would 
have to be light-proof, but might be opened at intervals when 
no developing is going on, allowing a draft through the room. 
As regards size, nothing less than 6 ft. X 6 ft. should be 
selected. Very successful work has been done in small closets, 
but only under great difficulties, and they should be avoided. 
The floor should be covered, preferably, with linoleum. 

7. The Dark-Iloom lAiiteni. — The question of light is 
important. If electric lights may be inserted, then the prob- 
lem is easily solved, but frequently such is not the case. Then, 
either gas or kerosene must be used. If the latter must be 
used in the shape of a dark-room lanteni, as sold l)y the dealers, 
care should be had to avoid the small, smoking kind. In fact, 
a dark-room lantern cannot be too good. In either case, 
arrangement should be made ho that the illuminating source is 
placed outside the room, or a Avooden box built along the wall 
communicating with the outer air. This box may also have 
an opening near the ceiling, permitting the hot air in the room 
to be drawn out, the heated air from the lamp acting as a 
ventilator. Holes should also be made near the ))()ttum of the 
box to admit the air necessary for combustion and cooling of 
heated parts. Uy having the illuminant placed in this manner, 
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some of the mpin causee contributing tiiward dark-room dis- 
comfortB, that of heat and bad air, are removed. 

8. Tentllatlon. — Additional openings for allowing fresh 
air to enter the room must also be provided near the floor. 
Such openings in the lower part of a door or along the wall, 
with the necesBarj guards, are shown in Fig. 1. Any-ot the 
openingB communicating with 
the outoide must be free from 
direct daylight, and should, 
if neceseary, have additional 
guards to prevent its entrance. 
All these openings should be 
covered with dull-black paint. 

9. ReeralatlnK the Illii- 
mlnatfon. — Either of the 
illuminants should be pro- 
vided with means that permit 
tbem to be regulated from out- 
side the enclosing box. A 
window made to open in- 
wardly is placed in front of 

the illuminant, and if gas or plcclric light is upcd, then the 
window glass must be of a dnrk-nihy co]i)r. If a dark-rtwrni 
laotem is used, this glass is furnished with the same. As the 
direct glare of the red ilanie is unploasant, it is well to paste a 
sheet of orange-colored paper outside the glass, that is, toward 
the operator, which has the elTert of ditTusing the light; at the 
same time it acts as an additinnal safeguard against actinic 
light In, addition to this there shoulil lie a movable shade 
hinged to the upper part of the window with arrangements, 
such as a chain, for fastening it at any suitable angle. The 
eyes will then not be annoyed by direct light from the lamp, 
and it is also possil)le to keep the light away from the 
developing trays. Provisions shuuld also be made so that 
the dark-room door may be locked from the inside; this is to 
prevent an unexpected opening of the door with a ] 
ruin of valuable plates. 
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10. The Sink. — Directly in front of the lamp is the sink 
and the water supply. The height of the sink ahove the floor 
will depend on whether the operator prefers to sit or stand; if 
the former, then about 30 inches, otherwise 45 inches. Its 
dimensions should be 3 feet square and 6 inches deep. It may 
be of wood and lined with lead or zinc. Over one part of the 
sink should be a grating on which the various developing trays 
may be placed, and alongside the sink a table on which 
developers may be mixed or other chemical manipulations 
performed. Above the table may be shelves for the storing of 
bottles. These shelves should not be too deep, as it is incon- 
venient to have bottles standing in several rows. Under the 
sink may be a series of racks for the storing of trays, etc. 
Adding a sponge and towel for general use will about complete 
our dark-room outfit. 

THE EXPOSURE. 

1 ] . Preparation of the Plate. — In case the Roentgen ray 
plates are already inserted in light-proof envelopes, then the dark 
room is not needed ]>efore an exposure can be made. If ordinary 
plates are used, then some preliminary work must be done in 
the dark room. These plates come in pasteboard boxes, whose 
covers are sealed light-proof. Take the box to the dark room, 
put it face down and feel with the thumb nail along the bottom 
edge. A depression will be felt between the cover and thcside 
and a knife should be inserted here and slid along the edge, thus 
cutting the strip of sealing paper. Repeat this operation along 
all four sides, clear to the corners. Now turn the box over and, 
grasping the sides of the cover, gently shake the box up and 
down, when the cover will come off. They fit, as a rule, pretty 
tightly and care must be taken not to damage the sides of the 
box, as this would make it pervious to light and possibly spoil 
the plates when daylight is permitted to enter the room. Most 
boxes have an additional box inside the outer one, and often 
we find each six j)lates laid in double envel<)p(^^ of l»lack paper. 
One plate should now be removed carefully in a manner so as 
not to scratch the surface of the next one, as they are usually 
laid in pairs facing each other. Having obtained the plate, it 
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IB impcirlaut to ascertain which is tlie sensitive side. When the 
lamp is lighted, this is easily ascertained hy noticing the reflec- 
tion of the light, the rear side showing a bright im^e and the 
sensitive side only a dull one. In the absence of any light, the 
feeling alone will t«ll which side is covered, but care should be 
taken never to touch the plate except near the edges. The per- 
t>piration on the fingers is liable to leave marks that will later 
uii show as bare spots and spoil an otherwise perfect plate. 

The plate may now be inserted in suitable envelopes made 
of black and ruby-colored paper, one envelope ]tlaced inside the 
other. Theee may be obtained ready-miide. One must be sure 
to always insert the plate in the same manner, so that never any 
doubt exists which aide is the sensitive one, because when 
exposed to the rays the sensitive, or film, aide is always turned 
toward the tube. 

The use of a double envelope to prevent the light from 
reaching the sensitive plate is satisfactory for most cases. 
When heavy parts of the body are resting on plates of large 
dimensions there is some danger of their being broken. In 
such cases it is of advantage to use what is termed n plate- holder, 
a shallow box of wood wilh a cardboard cover hinged to it. 
The plate is laid in this holder and placed under the body with 
the thin cover uppermost, that is, between plate and tube. 
Plates of smaller dimensions can also be used in this holder, 
then supplementary mats or kits must be inserted to keep them 
in a central position. The outlines of the diverse plates that 
may be laid in the holder are, as a rule, marked on the outside 
of the cover. This is to insure a correct position of the object 
relative to the plate. When fluorescent screens are used to 
shorten the exposure they are, as a rule, fastened to the inside of 
the cover. 

In storing dry plates, they should be kept in a cool, dry place, 
for heat and moisture will spoil them. 

The Roentgen rays will act through a considerable distance, 
oven through the walls of a room. It is therefore important 
that a sensitive plate is not in the neighborhood of an active 
tube and it should never he brought into the operating room 
before everything is ready for the exposure. At other times 
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th^ platM should be as far away from the tube as poeeible. and 
are preferably stored in a heavy zinc or iron box. 

12. Tefrtlnn: Intensity of Rays. — The intensity of the 
rays is osually tester! by letting the rays penetrate one hand 
held against the fluoroscope. Various other methods have also 
lieen suggested, which are moetly founded on the ability of the 
rays to penetrate metal plates of varying thickness. One 
device of this kind consists of a wooden frame having eight 
sections of aluminum plates that vary in thickness from 1 up 
to 12 millimeters. They may be marked in any suitable man-, 
ner, as, for instance, by drilling a series of holes in each plate 
corresponding to its number and then fill these with lead wire. 
These will then show as dark spots. Holding the frame against 
the fluoroscope and finding how many of the plates are visible 
will enable one to determine the penetrating capacity of 
the tube. 

13* Protection of Plate. — ^The sensitive plate ipust be 
so placed that the coating of gelatin is on the upper side, that 
is, facing the tube. 

In case the exposure has to go on for some length of time, 
and preferably in any other case, it is of advantage to place 
some material between the body and plate to prevent any effect 
of heat and perspiration reaching the latter. A piece of silk or 
blotting-paper or a thin sheet of celluloid laid on the plate will 
auHwer this pur|>0He. 

An aluniimnii plate is sometimes laid over the sensitive plate 
and (jonnected to the earth. This is to prevent static charges 
collrcjlin^ on the ii}siHH. Such charges would, when the plate is 
rrni()V<*(l from its envelope, be inclined to jump across the 
plute and Icavi; marks that would show in the developed plate, 
un<l have an appearanccj somewhat like blood-vessels or the 
bran<'h<'H of a tr(*(;. A j)ieoe of cardboard coated with tin-foil 
and provided with an alunjinum chain of suflicient length will 
also answer tin* purpose. 

II, Intoiisifyln^ S<'f<»eiis and I>oublo-Coatod 
IMHtt'H. - It has been found that the sensitive plate utilizes onl}" 
a snuill part of the rays, the remainder passing unhindered 
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through the same. Various means have therefore been sug- 
gested for making plates of a higher efliciency. With this end 
in view films or plates h^ve been provided with sensitive coat- 
ings on both sides, so that the rays, after acting upon the upper 
side, proceed through the glass or film and also act on the 
lower side. After development these 8kiagraj)h8 will show two 
superimposed images, thereby greatly strengthening the total 
density. By using such plates the exposure may be greatly 
reduced. In other instances, several layers of hromid i)aper8, 
such as mentioned in Art. 48, have been used. It is then 
possible to simultaneously produce a number of coi)ies without 
the use of a negative. • 

Intensifying screens have been frequently used for the purpose 
of shortening the time of exposure. Hitherto, this reduction in 
time has mostly been at the expense of clearness, caus(xl by the 
granular nature of the screen. But lately some screens have 
been made by Kahlbaum, in Berlin, and others, that sreni to 
overcome this difficulty. They are made of tungstate of i)arium 
and have so fine a grain that no lack of dclinition is noticcai)le 
in the photographic image. The scnten is placed in contact with 
the film and the whole is placed so that the rays must go through 
the screen before they reach the sensitive tilm. When using 
such screens, Donath, Berlin, has been ai»le to reduce the time of 
exposure for a shoulder-joint down to '2 seconds, and for tiie 
pelvis to 20 seconds; he secured in each case skiagraphs of clear 
definition and details. 

15. "Effects of Variation In Distance on Kxposuro. 

If two skiagraphs are taken of the same object, but at tliiTerent 
distances from the tube, then a longer exj)osure will be 
required for the position that is the farther from the tube. 
This increase in exposure is not proportional to the distance, 
but to the square of the same, following the same law as 
exposures to ordinary light. That is, if one object is at 8 inches 
distance and the other at IG, the latter will re<]uire an exposure 
4 times that of the former. 

An example will show the application of this rule. Let it 
be su])posed that the correct time of exposure for a hand has 
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been found to be 20 seconds at a distance of 8 inches. It is 
required to find the time for the same object at a distance of 
12 inches. It is customary to select the hand as an object 
for estimating unit exposure; let this unit time be signified 
by the letter f,. 
Therefore, t, = unit exposure; 

t, = exposure to be determined; 
d, = tube distance for t,; 
rf, = tube distance for t^ 
We have then the proportion rP, : (P^ :: t^ 

^« ~ (P, * 
On inserting the al>ove values, 



"!> 



or 



«. = 



12' X 20 144 X 20 



= 45 seconds. 



8« 64 

16« Effects of Density and . Depth on Exi>osnre. 

Besides distance, there are two other elements that decide the 
length of exposure, density of material and thickness, or dejHh, of 
the object. An increase of either of these factors increases the 
length of exposure in the same proportion. It is preferable 
to estimate the effect of them in conjunction with each other 
as a total resistance to the rays. Let this resistance be termed R. 
To facilitate calculations of exposure, various attempts have 

TABIiE 1. 

REI^ATIVE RESISTANCE OF PARTS OF TIIK HUMAN BODY 

TO UOENT(JEX RAYS. 





R 


1 R 


Hand (central part) . 


1 


Thorax .... i 3-4 


Lower arm .... 


1.4 


Sternum 








. i 3.8 


Elbow-joint 






1.5 


Foot . . 








' 1.4 


Upper arm . 






l.S 


Tibia . . 








: l.« 

1 


Shoulder-joint 






3 


Knee . 








2 


Clavicle . . 






2.7 


Tliigb . 








3-5 


Neck . . . 






3 


Hip-joint 








. ' 5-0 


Skull . . 






4.5 


Tel vis . 








. I 8-10 

1 
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been made to find this resistance for different parts of the 
human body. The preceding table by Donath gives the relative 
resistances of the parts named when the central part of the hand 
is taken as a unit resistance. 

17. Calculations of Exposure. — This resistance R may 
be used in combination with the other values ^p t^, d^ and d, 
to estimate the time of exposure. But these calculations must 
be considered as a guide only; variations will occur, depending 
on changes in the vacuum of the tube that are likely to take 
place at any moment during prolonged exposures. Those who 
are adverse to any kind of calculations may use the above table 
simply as a guide for the relative lengths of exposures. 

The formula just quoted will, when the value R is included, 
assume the following form: 

— ^ XcP.X R 
' "" d\ ' 

As examples for applying this formula, let the following be 
taken. A trial exposure of the hand showed that 20 seconds 
was required for a distance of 10 inches between the tube and 
plate. It is desired to take a skiaf^'raj)h of the thorax and to 
increase the distance to 16 inches. Reijuired to find the time 
of exposure: t^ = 20 seconds; d^ ■-- 10 inches; tZ, = 16 
inches; R = 4. 

f, = inn~ " ^^'"^ seconds, or 4 minutes 25 seconds. 

Required to take a skiagraph of a pelvis and to increase the 
tube distance to 24 inches. Using the previous data as a bjisis, 
we have t, -- 20; d, - ^ 10; d, -= 24; 7? -- <S. 

20 X 576 X 8 ^.^^ , 1 - • . oo 1 

<, = ^^^ == 1)22 seconds =- lo m mutes 22 seconds. 



THE DE^TCT^OPMF.NT. 

18. Main Principles. — After exposure, the envelope is 
removed to the dark room and preparations made for develop- 
ing the plate. By development is meant tlu^ bringing out of the 
latent image, or in other words, hy a chemical solution, to reduce 
the silver salts acted upon by the light. Those j)arts most 



12 SKIAGRAPHY. § 14 

strongly affected by the light will also be most affected by the 
solution, while those not acted upon by the light will remain 
chemically inactive. The effect of the solution is to make those 
parts on which it reacts the strongest more or less opaque. 
Consequently, the resulting image will be reversed in so far as 
the brightest parts of the virtual image will appear the darkest, 
and it is therefore called a negative. 

As the action of the light on the plate is of a cumulative 
nature, the time of exposure must be regulated according to the 
intensity of the light. 

19. The Develox>er. — When the operator gets more famil- 
iar with the developing fluid, or developer^ he will prefer to 
compound it himself. For a beginner, it will be best to pro- 
cure the chemicals in tablet form ready for mixing with water. 
Carbutt and others make such suitable for Roentgen ray plates. 
The tablets may be mixed with water in quantity and kept in a 
large bottle, or only enough dissolved for immediate use. The 
former method is preferable, if -a great deal of developing 
is done. 

20, Insertion of Plat«. — The developer is poured into a 
developing tray of a size corresponding to that of the plate, not 
larger, as this results in a waste of developer. When the plate 
is laid into the tray with the film side up, it is important that 
the developer should cover at once the whole plate, otherwise 
stains and streaks will be the result. One way of avoiding this 
is to tip the tray sidewise so that all the developer recedes to one 
side, then lay the plate in the bottom and quickly tip the tray to 
the other side and, also, lengthwise until the whole surface has 
been wetted. If the plates are very large, use in addition a 
swab of absordent cotton and rub it quickly, but gently, over 
the places that are not at once covered by the developer. Or, 
the plate may be previously soaked in water. For a 5" X 7" 
plate, about 4 ounces of deve]oj)er is needed to j)roperly cover 
it, and other plates in proportion. 

When small films are used instead of j)lates, as, for iiistanoe. 
in dental work. Doctor Custer suggests the use of an ordinary 
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porcelain teacup instead of a tray. It will be found that the 
film is too small to handle conveniently without destroying the 
edges in its manipulation, if attempts are made to keep it 
straight Enough developer is prepared to more than cover the 
film, and the cup is continually shaken during development. 

21 • Appearance of Imagre. — If the plate is well exposed, 
an image should begin to appear on the plate in 15 to 30 
seconds, depending on the developer. The tray is given a 
gentle rocking motion, at least during the first part of the 
development, to insure an even action of the developer. The 
time required for reaching a sufficient density in the negative 
may vary from 4 to 20 minutes, sometimes even longer. It is 
not necessary to watch the tray during all this time; it may be 
covered over with some opaque material and left to itself. 

22. liengrth of Development. — The development of a 
Roentgen ray negative must be carried on much farther than 
an ordinary negative. Those representing the denser part of the 
human body should be developed to such a density that the 
whole negative appears uniformly black all over. It will then, 
after fixing, show the necessary gradations in density. As long 
as the negative has not reached this density, it should be 
retained in the developer and the action of the hitter continued 
until the desired density is attained. In some plates this will 
be indicated by the appearance of the denser parts of the image 
on the back of the plate, while in others the desired density 
may have been reached before this image is visible. Plates of 
different makes show varying characteristics in this respeil, 
depending somewhat on the thic^kness of the film. 

23. Quick or Slow Development. — Sometimes a weak 
solution and a slow development bring out more details than a 
strong solution and a quick development. At times a develop- 
ment extended through a j)eriod of 8 hours has been found to 
give negatives rich in deta,il. In general, development should 
be slow and aim at hardness. If too hard a tube is used for 
thin objects, such as a hand, overexposure may result of a 
nature that is difficult to correct in development. If a soft 
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tube is used for the same object, overexposure to the extent of 
10 to 12 times may have been made, and still a good skiagraph 
be obtained. This it will be well to remember. 

24. Treatment During: Development. — During devel- 
opment the plate should not be examined too frequently and 
should preferably be in the dark altogether, that is, the develop- 
ing tray should be covered over. When an examination is 
required, it is done by holding the negative 10 to 12 inches 
from the ruby light and with the film side turned toward the 
light. The outside of the film completes its development 
before the inside and is therefore less sensitive to light. Very 
dense negatives cannot be examined in this manner, but can 
only be judged by the darkness of the reflected image. 

25. Multiplying Factor.— It is also possible to deter- 
mine the required time for development by means of the 
so-called multiplying factor, or simply factor. The time of 
development is divided into two periods that bear a certain 
relation to each other. The first period is reckoned from the 
moment the plate is under the developer until th^ first sign of an 
image is visible. By noting this time on the watch and multi- 
plying the time with the corresponding factor of that developer, 
we find the time required for the second period, which com- 
pletes the development. 

Let the developer be hydrochinone and the first period 30 
seconds. The factor for this developer is 5^. Multiplying 5J 
by 30, we have 1G5 seconds, or about 2 J minutes. 

Some of the factors for the leading developers are as follows: 
Metol, 2S; hydrochinone, 5^; niotol and hydrochinone com- 
bined, 13. If, by experience, the factor is found too small or 
too large, the remedy is obvious. 

20. Coiitmst ill l)ov<»lopnieiit. — The toniperiiture of 
the developer should be ))etw(?en t)0° and 70*^ V. If colder, the 
action is slower, and if warmer, the image will lack in contrast 
and maybe *'fog^y." The latter expression means that the 
plate has assumed a grayish tint all over. It sliould he 
remembered that there is ijiiite a difTercMU'e between an ordinary 
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negative and that produced by Roentgen rays. The first is full 
of light and Contrast, and sharply outlined figures, while the 
latter is only made up of transmitted light, lacking in contrast 
and, therefore, inclined to appear flat. Everything should, 
therefore, be done in the development to produce contrast. 

27. Removal of Developer. — When the development 
has proceeded far enough, the plate is removed from the tray 
and either inserted in a tray containing fresh water, or held 
under the tap for half a minute while a gentle stream of water 
is removing the developer, after which it is ready for the 
fixing bath. 

28. Theory of Development. — For those who later on 
prefer to compound their developer tliemselves, a few explana- 
tions are here added concerning its composition and action. 

A developer consists of four elements: 

1. The reducer (metol, hydrochinone, pyro, etc.). 

2. The accelerator (carbonate of soda or potassium, etc. ). 

3. The preserver (sulfite of soda, etc. ). 

4. The retarder (bromid of potassium, and some others). 
The proportions in which these various elements are mixed, 

80 as to make a suitable deveK)per, depend on diverse con- 
ditions. For instance, a plate with a thin layer of gelatin of 
high sensitiveness demands a difTercnt developer than a slow 
plate. An object in which white predominates rcciuires another 
development than that given an object with sulxlued colors. 
Quickly exposed plates differ in development again from j)lates 
submitted to an extended exposure, as do underexposed from 
overexposed plates. 

If proper attention is not paid to these variations in develop- 
ment, faulty negatives will result. These failures may be 
caused either by overexposure or undrrexjvhvire, or by overdevelop- 
meixt or nnderderehpment. Too warm a developer or fixing bath 
may, also, spoil a correxitly exj)osed negative. The signs by 
which these various faults may be nrognized, and the remedies, 
are usually found in the instructions enclosed in any box of 
plates and it will, therefore, be superfluous to repeat them here. 
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As a guide in regulating the development, the following table 
may be used: 



TABIiB 2. 



To accelerate de- 
velopment . 

To retard devel- 
opment . . 

To increase con- 
trasts . . 

To reduce con- 
trasts . . . 



Reducer. I Accelerator.! Retarder. 



Water. 



Normal 



Normal 



Increase 



Reduce 



Increase 



Reduce 



Reduce 



Increase 



Normal 



Increase 



Increase 



Reduce 



Increase 



Normal 



Reduce ' Increase 



In the above table it is supposed that a developer is used in 
its normal condition for a correctly exposed plate, and that the 
proportions of its various ingredients are increased or decreased, 
as the conditions may requira 

29. Formulas. — Of the many formulas that have been 
suggested for Roentgen ray negatives, only three will be quoted 
here as having been used with some success by various workers. 

Metol 90 grains. 

Hydrochinone 30 grains. 

Water 24 ounces. 

Sulfite of soda (crystals) ... 3 ounces. 

Carbonate of soda (crystals) ... 13 drams. 

Add water to make 32 ounces. 

For normal exposure: 3 ounces of developer, 3 ounces of 
water, 1 dram of 10 per-cent. solution bromid of potassium. 

For underexposure: 2 ounces of developer, 2 ounces of 
water, 15 minims or 10 drops of 10 per-cent. solution bromid of 
potassium. 

For overexposure: 2 ounces of developer, 4 ounces of water, 
1^ drams of 10 per-cent. solution bromid of potassium. 
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Another formula that has been found very satisfactory is the 
following: 

Metol 80 grains. 

Hydrochinone ... ... 45 grains. 

Sodium sulfite (crystals) .... 640 grains. 

Sodium carbonate (crystals) . . 640 grains. 

Add water to make 20 ounces. 

In the latter formula there is a greater proportion of hydro- 
chinone which seems to be of advantage if density is desired. 

When great contrast and intensity is desired, the following 
formula, by Cramer, works very well: 

No. 1. 

Hydrochinone ^ ounce. 

Sodium sulfite (crystals) .... 3 ounces. 

Bromid of potassium ^ ounce. 

Distilled water 25 ounces. 

Dissolve in warm water and let cool before using. 

No. 2. 

Sodium carbonate (crystals) ... 6 ounces. 
Water 25 ounces. 

Mix Nos. 1 and 2, equal parts, for use. 

This developer is also good for overexposed ])late8. By 
varying the proportion of No. 2, either more or less contrast 
may be obtained, a decrease of sodium carbonate producing 
more contrast, in particular if the plate is overexposed. This 
developer works with great rapidity, 3 to 4 minutes being suf- 
ficient for maximum donsitv. 

\\Tien, in either of the above formulas, sodium sulfite or car- 
bonate has to be used in a powdered form, instead of crystals, 
then one-half only of the stated quantity must be used. 

Whenever a developer has been found to work satisfactorily, 
it is advisable to retain it and to get familiar with it in all its 
variations. This also holds true with regard to plates. To 
change constantly from one to another, as they happen to be 
recommended, is very poor policy. It is not an ciisy matter, in 
any case, to make correct exposures, and requires some extended 
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experience, i)ut Wy viiatxintiy niiT»iiutiiig new and lukniiwn 
elements, variatiiui? :ii •^xrHieUTF- uiti ■ iereioDinent ^ire 
required thai vriil rake '.iint- :o aia^^ter. In :fae mesintime. 
resource must be hatt U) izuf^in^ ^ih ill its incertainties and 
diaappointmentB. 

30. OverexpofRLre and Cnderexpomre. — ^To make a 

distinction j^etwet^n »verexp«)smrv -ind indeivxp^isTire is aoi very 
difficult \Then oniinarr ae^iativHs ire •omyidered. With *kia- 
graphs the contiitions are ?*'mtf what iiiferent, because -iepeniiing 
on several variable facuirs. If rhe rubes *ised ^ere alwavs 
operatintr with the -^auie vacuum and rhe iome intensity, much 
of the diiiicultv wou:«i He •w}viate«L *'>ut :is both '>t these factors 
tie verv variable, the problem is not an eatsv one. 

In an ordinary negative an 'tndiT'^rpomrf is recognized by a 
lack of detail in the shadoivr*. that is. in tht)se parts tiiat have 
received a smaller quantity of light. They have not had time 
enough to impress the sensitive place, and wilL therefi3re. leave 
more or less blank places where gradations of light and details 
of structure should otherwise have been visible. When such 
plates are submitted to the induence of the developer the image 
will appear slowly, and the parts most highly lighted will appear 
first. Thrjse in the 9ha*low will delay their appearance or per- 
hajift not oome up at all or only in very faint outlines. 
Huch fixatives show t»x) much contrast, being made up of 
trannijArf-Tit -ihadows and strong high lights with few gradations. 

f f ?ir» hr^:f^.fp',}fnr*> has taken place the negative gives an impres- 
ftiofj of 'ILitn^:^?! " and 5!h<>ws lack ♦»! contrasts. Here the parts 
%\\m'a\h\ ill f[j^;yhar]f- hav«been irivon too much time to affect the 
«*'rivifiv*' \}\A\t'. th^Tf-fore giviiiir i»lonty of detail in the shadows. 
*\\\i r^fjilt. i- that little difTcrcnco is f»niud between highly 
Iii/|i»'H ;m'l .-•liM'lfrl ]>arts. When such a plate begins to 
d/ '/!''!», Ill': \M\:\\:y. will appear ahuost simultaneously all over 
\\\t pI'iW . nri'l will thus denote the fact that an overexposure 

flM*< '»' ' 'If M 'I 

III A'\-\\t\\\^\'' w have, to begin witli. no reilected, but 
f riMinniill* 'I liflii Ah. ;i (;onse(jucnce, tln-re docs n^t rxist such 
rniifi/i«-l^ II : m Mr<linnry negatives, l^ut rather a certain sameness 
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of tone. OverexpoBure can therefore not be judged by ordinary 
standards. \A'hen, for inetance, a skiagraph is taken of deeper 
tiseues, where there is an almost total absence of contrasts, then 
the image, during the development, is liable to appear simul- 
taneously all over the plate. In this instance it would not 
necessarily be an indication of overexposure. 

Then, again, an overexposure may have taken place and still 
the denser parts left without any structural details. This 
would, for instance, be the case if a soft tube were skiagraphing 
a body composed of more or less transparent parts. It would 
be able to overexpose the transparent, but unable to affect the 
shadows of the dense part. Such a skiagraph would then have 
the appearance of l)eing imderexposed, while in reality with 
that particular tube an overexposure may have been made. 

On the other hand, a hard tube may have been used for an 
object of small depth, with the result of producing a skiagraph 
without contrasts. Heri' the general appearance would signify 
overexposure, but even a greatly reduced exposure would tail 
to produce the pn>per contrasts between the constituent parts. 
The reasons for this have been given in Arts, 03 and 94, 
The Phyfici oj Roenlyen Rayg. 

If a medium-hard tube is used for the hand and the exposure 
is correct, the fleshy parts would appear first and then the 
bones with their structural details. 

Referring to skiagraphs, it may in general be said, that 
when the image appears slowly and with ditGculty, showing 
only general outlines and being rather transparent, then an 
underespomre has been made. 

A corrtrlhj exposed plate will let the various parts appear ii\ 
the order of their relative trans pari encies, showing good con- 
trasts and plenty of details. 

When an ovcrexpoxure has occurred then the image will appear 
quickly and in it monotonous tone, hut will also rapidly dis- 
appear again in the general darkish veil which soon will cover 
the whole plate. 

In predetermining the correct exposure one of the self- 
r^iulating tubes is of great assistance. One has then to deal 
with rays of a certain standard penetration, that may be 
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luljuHUtd oiK'o and for all for objects of a given depth. After 
Morno ('()in))arativ<) exposures Iiave been made it is at once 
|M)KHib]() to t(^ll wIh^i an underexposure has been made by not 
finding dcUiils in (certain parts which ordinarily should show 
mich. Or, if at other times, the skiagraph shows too much 
(h^nnity in parts that should be more transparent, then either 
an ov<Toxi>o8ure or overdevelopment has been made. 

The rcmedioH for overexposure and underexposure have been 
given in Arts. 28 and 29, It may here be added that the 
tank development, mentioned in Art. 31, has shown itself 
elVu^ient in removing the effects of both an overexposure and 
underoxpoHuro. 

III. Tank IH^volopinent. — ^The method of developing a 
number of plates in one box, called tank developvxenty has been 
used for skiagraphs with good results. When it is convenient 
to give a negative 12 hours or more in which to complete its 
development, and thus to bring out everything possible, tank 
development is to l»e recommended. The difference between 
thiB and onlinary development consists in diluting the normal 
develo(H>r by the addition of water, making the final bulk 
6 to 8 tinies tliat of the original, so that it contains about 
^ grain of develojHT |>er ounce of solution. This solution is 
(HniriHl into a 1h>x similar to the fixing box, described in 
.Vrt ill, wlion as uiat^y plates may be inserted as the number 
of \orti\\il k;r\v>vos will :dK>w. Tlu* rate at which the develop- 
nuni pvxvtvtls is. of v ourso. greatly rtHluooil and, in general, 
it ts f^nuui tliat platos it^sortisl in the ovoning will be ready 
uo\i tr.ovnir.j:. SluniKl \\\c noc^uivos show lack of density, 
thoi*, ;V.o\ n^rtv uwwr ;\n .-x.iau^ou.il devoK^pnient in a normal 

It •.-» ^<s*. U' ':.:;\v' .4 ;,r/.K .^r v.^x ti'.ai *;S v.stv. for r.otVir.c else 

,*»,. ^.\ ^ * , . ,. \ . , . . \ ,.^ . ••x'*..< • » ' • .*»^^rs .0A\ I « ..0 » .,\»<?> .!. I 111? 

■ ' *. • '. ■ • . . , 

.>\.*-«- ■*- .■■* ».s.i..\ « V ■••*'*^^»»\«»x..l«.s.>v.. ..\...t.-^» »VI 

■ C^ 

«,,.>. ..».»» ^ ■ * ■ . ■ . ■ » \. . . |.^ V^ ^ . ^ ..t \ ; .- 
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FIXING. 

32. Hypo Fixing: Batlis. — By fixinfj: is meant the 
removal of all the silver salts unacted on by the light, thereby 
greatly reducing the density of the negative. This must always 
be taken into account when a certain density is desired. The 
main constituent of the fixing bath is hyposulfite of sodium, 
commonly called hypo. An ordinary hypo bath consists of 
1 pound of hypo and 2 quarts of water. Part of this is poured 
into the fixing tray and the plate immersed, film side upwards. 

Care should be taken to leave the negative in the fixing bath 
a sufficient length of time in order to insure the complete 
removal of the sensitive salts that have not been acted on by 
the rays. For ordinary plates it is sufficient to leave them in 
the bath from 3 to 5 minutes after the white image on the back 
has entirely disappeared. For Roentgen ray plates this is not 
enough, because they have much thicker films, and the action 
of the fixing bath, consequently, is much slower. It is, there- 
fore, better to leave them in the bath an additional 15 minutes 
after all the white has disappeared from the back of the plates. 

33« Acid Fixing: Bath. — It is not advisable to use the 
above solution more than once, but if the so-called acid fixing 
bath is used, the same solution may be used for over half a 
year or until its action begins to grow too slow. It is made 
up as follows: 

No. 1. No. 2. 

Water '. . . 96 ounces. Water 32 ounces. 

Hypo ... 2 pounds. Chrome alum . 2 ounces. 

Sulfite of soda . 4 ounces. Sulfuric acid . ^ ounce. 

The acid should be slowly added to No. 2. Pour No. 2 into 
No. 1 under vigorous stirring. This bath has the effect of 
hardening the film.* When the action of the batli begins to 
grow too slow it should be thrown away. 

34, Fixing: Box. — Instead of pouring the fixing solution 
into a tray and, after it has been used, pouring it back into the 



*8eed and others mix the ingredientB of this bath in the right pro- 
portions and put tlieni up in boxes ready for diBSoiving in the proper 
amount of water. 
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bottlOf it is more convenient to use a fixing box, usually made 
of hard rubber and provided with grooves along its sides. The 
whole solution is poured into this box and kept there, and 
whenever one or more negatives are to be fixed they are simply 
slid down in the grooves and left there until ready. 

35* Importance of Cleanliness in I>ark Room. 

Cleanliness in the dark room is of the utmost importance. For 
instance, it will not do to put the fingers into the fixing bath 
and then back into the developer and handle the plate, for by 
this procedure one is running the risk of spoiling the plate by 
causing the production of trans])arent spots. 

It should be an invariable rule to wash the fingers and dry 
them immediately after they have been in contact with the 
hypo solution. Likewise the fixing solution should not be per- 
mitted to drop upon the floor while the negative is being exam- 
ined. Such drops will dry, and the powder resulting from them 
will eventually get into the air and unexpectedly descend in 
the most undesirable places. 

Then, again, the developing tray should never be used for 
fixing, or vice versa, but one tray should be devoted to each 
of the various operations. Graduating glasses, scales, etc., 
should l>e absolutely free from foreign substances before they 
are put away. 

WASHING AND 1>RYING. 

an. Final Waslilnjc. — After the negative has been fixed, 
it is ready for the tinal oju'ration, that of washing. The best 
api>anitus for this j>urpt^so is a washing box made of zinc, which 
may bt» bought from any doalor. Thov have an inside loose 
frame in whieh the noirativos are placed side by side, and may 
thus be sinuiltaneiuisly lifted either into or out of the box. In 
the lower part is a short tube over whieh a rubber tube may be 
sli\l and eoiuuvtion made with a faueet. .\ stream »>f water 
will then pass thnniirh the box in an np\vai\l direeti*)n and 
tlow out thr«>Ui:h a sh.vTt s[>«uit ui-ar the top. As the hyp.>- 
sultile is heavier than the uati-r. it ^^i!l sink «K»\\n if t!ie eur- 
rvnt does not evu\st,nu;v brine it tt> liie siirfav-e and remove it. 

Vn orvlinary plate, thinly eoaied, will have the hypiMetnoveil 
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from it in aljotit ^ liour; more thickly ooiited plates require 
1 hour, and Roentgen ray jilatee reijuire 2 hours. If the hypo 
is left iu the film it will, in time, cause spots, and spoil the 
negative. The length of lime here given tor the final washing 
is that needed to insure absolute permanency. In cases where 
it is simply a question of a single inspection or of keeping 
a plate tor a couple of yearc, then it may be sufficient to cut 
the washing of a Roentgen ray plate down to 45 minutes, 
Too prolonged washing in warm weather is not advisable, as it 
may result in frilling and partly dissolve the gelatin. 

After washing, it is of advantage to slide some absorbent 
cotton gently along the film to remove any substances that may 
adhere and also the surplus water. This will accelerate the 
aubsetpient drying. 

The above-mentioned box is suitable only for negatives of a 
smaller size. For larger sizes it may do to empty the fixing 
tray of its solution and to complete Uie final washing in this 
tray. The latter may be set in the sink and slightly elevated 
at one end so aa to compel the stream of water, flowing into it 
from the faucet, to pass along the whole length of the plate. 

37. Di-j-lnsf. — The drying of the negatives is usually 
accomplished by placing them side by side in a dTying rack. 
The latter should be bo situated that the air has free access to 
the plates, as it is well that the latter dry as quickly as possible. 
This is particularly important in sultry weather, and a stream 
of air from an electric fan would then be of advantage. Do not 
pat them in an open window where the sun can reach them, as 
the gelatin will quickly dissolve and run o9. 

The graduation in density of a Roentgen ray negative is 
often very limited; it is, therefore, well to call attention to one 
fact that may give cause for errors. If a negative is changed in 
position while drying, so that some parte have dried more 
quickly than others, then the latter will appear denser and show 
distinct marks. The plates should, therefore, be left undis- 
turbed until the drying has been completed. 

08. Hiorlngr or NeKatlrea. — After a negative is dry, it 
may be marked with some number and a record kept of the 
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date, exposure, and other useful data. The number must be 
written in a reversed ix)sition on one comer of the fihn. Some 
operators have a series of small numbers made of wire, which 
may be pinned on the front of the envelope and be skiagraphed 
with the other image. 

We think that the simplest way to store negatives is to put 
them into the box in which they were originally, marking the 
outside of the box with the numbers contained therein. Nega- 
tives will not stand much handling, and will easily receive 
scratches that in this way of storing may be avoided. 

Others prefer to have a case with a number of shelves, the 
depth of which may be about 16 inches. The distance between 
shelves should vary according to the length of the plates, the 
largest plates being on the lower shelf. In connection with 
this, there should be a catalogue giving the name of the 
patient, the number and size of the plate, and other neces- 
sary information. 

INTENSIFICATION AND REDUCTION. 

39. Intenslflei-s. — If a high- vacuum tube is working 
through deep tissues, the resulting photographic image is 
inclined to be weak and lacking in contrast. The rays from 
sucli tubes are more of a penetrating nature and less active 
photographically. Negatives of this class must be intensified 
either by means of a combination of chlorid of mercury and 
ammonium chlorid, or by using the Aqfa intensifier, which is 
moH' easy in its application. 

Some opiTiitors intensify every negative without exception, 
finding that only in pursuing thin method is it possible to make 
nep\tives of i^ood printinir qualities. The following formula by 
ihrhutt is used to a great extent: 

Water 20 ounces. 

l*iehl<M"id of njerenrv ^ ounce. 

Annnonimn ehlorid \ ounee. 

If it has l>een de*iih'd t«> sulunit the neirative to intensitioa- 
tion, linje max l»e s.ivtd l»\ doini; so inniiediatelv afttM* the 
negative e<Mnes »»iil nf tlic WM'-hini: l»o\ :nul l»eforr it is st-t up 
to drv. 
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40. Process of Intenslflcation. — Immerse the pegative 
in the above solution, observing that the longer it remains in 
it, the greater will be the final density. The tray must be 
frequently rocked while the negative assumes a whitish appear- 
ance, the density increasing until, finally, the negative is quite 
white. On the removal of the plate from this solution, it is 
washed again for half an hour and is then submitted for half a 
minute to a bath of ammonmm chlorid (^ ounce in 20 ounces of 
water). Wash again for 5 minutes after this operation and 
then immerse the plate in an ammonia solution, 1 dram of 
aqua ammonia to 8 ounces of water, until the white image is 
darkened through to the back of the plate. Then wash again 
for about 5 minutes and set up to dry. 

Should this intensification have proceeded too far, so as to 
make the skiagraph more or less intransparent, then the density 
may be reduced by immersing the plate in a solution of hypo 
(1 : 100). When sufficient reduction has l)een obtained, the 
plate is at once washed thoroughly and set up to dry, as usual. 

When using the Aqfa intensifier, the negative is simply kept 
in the same until it is sufficiently dense, and is then washed. 
If high densities are desired the mercury solution may be 
preferable. 

41. Reduction. — In case^ where a skiagraph has been 
overdeveloped to such an extent, as to make it difficult to 
study in det^iil, it may be improved by reduction. The siui- 
plest method to pursue for this purpose is to use a solution of 
100 grains of ammonia })ersulfate in 10 ounces of water. The 
skiagraph must be j)reviously soaked for A hour in water, and 
then left in the l)ath until sufficiently reduced. To stoj) further 
reduction, the plate is rinsed at once under running water and 
washed for ^ hour. 

PRINTINCi PROCKSSKH. 

42. The Print or Positive. — Having ol)tained a nrga- 
tiv€y the next operation is the making of a jxisitirr that will give 
the correct tints of the dark and li^dit j)arts. Some physicians 
prefer to examine the negative itself for the information they 
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(loHirn, in partictilar when it in a question of very faint shadows, 
Hti(!li iiH (Irrivcd from (;alculi, etc. This is because the positive 
always hmvn sonic of th<5 finer details found in the negative. 

A positive may hv made on ])aper, celluloid^ or glass. The 
Hrnt is most in uk<s and is then simply called a print. It is paper 
(Miatod with an (^nulsion of gelatin, albumen, or collodion, in 
which chlorid of silver is incorporated. The printing paper 
may bo glossy or matt, the former giving more detail. 

411. I^rlntliiK Fniinc. — The apparatus required for ma- 
king a )>o8itivo, or print, is a printing frame, a rear view of which 




FlM. 2, 



w given in Fig. 2. A i» a fmmo with a shoulder on its inner 
»idt^ on which tho myativo (^ is laid with its film side turned 
upwai\l)!k i^u top of this is phunxi a sheet P of printing {Mtper, 
ivn>!tii|vnding in si/o to that of tho negative, or, if only a small 
|Htrt of the latter is to In* ivpi^nl, then a pitw just large enough 
to wv^T that i^irt. The (vipor to In* seKvtt\i for this purpose 
may In* auv of the s^v-oalUnl i\ O. P. j^ipors, an abbreviation of 
l»M?»?<'j,' **;.J tNMS*>, mtwniuc* then^bv, one that is cover^i with 
s^Uvev \'bliM\d ;uul ^*t\e?* ;\u i»\\a>:o \isibIo without development, 
The p;ipr\ \N h\u\ \\\\\\ \^^ f:\\v towarvl ibiO r.opuivo. On lop of 
\\w \\\\s\ xowios t)u* b.**'k .'». >\lttrb b,o!v:s tV.o iv\;vr oloselv 
ixi^^'^aI »*^\\ \».l il'.o \\*iv>u\»\ ;o^i >\l\u*V, V,A> for :his i^unx^* 

^puni; » 1 uu^»-. 
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negative is "thin," that ie, if the film is of small density, then i 
it ifi preferable to print in the shade; this will tend to bring I 
more contrasts in the copy. 




44. The Prlutlng. — The time required for the printing 
will vary with the density of the negative, the time of day, and, 
also, whether it is summer or winter. It may be 5 to 6 minutes 
or as much as 20 to 30 minutes. In order to examine the pro- 
gress of the printing, the hack B, Fig. 2, is divided into two parts, 
hinged together so that one-half may be opened and the print 
turned back and eicaiiuned without danger of changing its posi- 
tion relative to the negative. This examination should take 
place in subdued light, and the face of the print should not be 
touched by the fingers. Likewise, one should he careful to 60 
open and close the spring clamp that the back itself is not 
moved, and with it the paper. The printing should proceed 
until the paper has received a tone somewhat darker than that 
desired for the finished print, as it will lose some of this tone in 
the succeeding operations. How much deeper to print will 
depend on the paper selected. 

45. Fixing. — The print is now fixed similar to the plate, 
The formula required for this purpose is always given in the 
package containing the paper. 

46. Toning. — As the print emerges from the fixing bath, 
with a tone or color that is not generally liked, it is customary 
to give it n gold tone before fixing by submitting it to a gold 
toning bath in which it receives a rich, dark-purple color, Itis 
then washed, fixed, and again washed for 1 hour in rutming 
water. 

47. Combined Toning and Fixing. — To many persons 
Ibis preliminary toning and washing process is somewhat 
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troublesome, and attempts have been made again and again to 
combine toning and fixing in one operation, with varying suc- 
cess. This is caused by the fact that the bath may retain its 
toning ability while its fixing salts may have been exhausted. 
Prints not properly fixed will fade. The writer has found 
the following combined toning and fixing bath, recommended 
by Nicoll, to answer all requirements and to give a variety 
of colors: 

Hypo . 2 ounces. 

Solution of gold chlorid (1 to 60) . 2 drams. 
Water 16 ounces. 

First dissolve the hypo, then add the gold solution and let it 
stand 24 hours before it is used. This bath works better when 
it gets a little older. 

The solution is poured into a toning tray and the prints put 
in, one by one, without preliminary washing. They must be 
kept in constant rotation to insure even toning and fixing. 
Usually, this is done by constantly taking the lowest print and 
placing it on top; see that they are well covered. Places on the 
prints touched with the fingers will not tone. When the 
various prints have received the desired tone, they are placed 
in a tray filled with water, and after all have reached this stage 
they are given three or four changes of water and are then put 
through the final washing process, as before. 

To insure the safe action of the above toning bath it must, 
from time to time, 1)0 strengthened by throwing one-half of it 
away and adding 8 ounces of fresh solution in its place. It is 
supposed that 1 grain of gold lones about fifteen 5x7 prints. 
For each fifteen prints, or their equivalent (about 500 square 
inches), this renewal of the solution should be made, and in 
this manner it may be used for years. 

48, Self-Toninj»r Papei's. — There are also to be had what 
are called '* self-toning '^ papers, that do not require to go 
through a toning process, as they tone simultaneously with 
their fixing. 

49. Developin^JT I'apors, Recently, bnnn Id pnprvfs, such 
as those nia<le by Eastman, the Nepera Company, and the 
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Holograph Company, and many others, have been used for 
Roentgen ray prints. These are furnished either with a glossy 
or mat surface. The latter kind will, unless the negative is a 
very strong one, not give as much detail as the glossy variety. 
Papers of this Rlass have the advantage that they may be 
printed at any time in the dark room hy means of a gaslight or 
lamp, It only reijuirefl a few seconds to do this and they 
may be printed in quantities, absolutely uniform. Their 
treatment is similar to that of the plate, requiring no toning. 

50. Blue-Print Papers.— When it is desirable to make 
preliminary copies of a skiagraph without much expense or 
trouble, then the so-called i/iJ^-jn-tTU paper is of some convenience. 
Belonging to the mat surface class, it may not always show 
much detail, though some grades leave little to be desired, even 
in that direction. There are various kinds in the market, but 
one of the best for this purpose is the "French Satin Jr." 
These papers are exposed in the printing frame to the sunlight 
until the deeper shadows assume a gray-green color similar to 
that of bronze. The after manipulations consist simply of 
washing the prints in various changes of water until the iron 
salts unaffected by the light are removed from the paper, and 
no further coloring of the water takes place. These prints are 
permanent. 

51. Appearance of Print. — A print from a skiagraph 
will show Ihe dense parts of the object in dark tones. This is 
because the light through these parts will affect the sensitive 
plate in a lesser de^ee than those from the more transparent 
parts; consequently, the skiagraph will be thinner or less dense 
where it represents dense objects. When a print is made, these 
thin parts will then allow more light to reach the paper and 
there a deeper blackening will be produced. 



MOUNXrNG. 

52, The moiintiuKof a print consists in pasting the latter 

upon a suitable, stiff support, partly to facilitate its handling 

and partly to prevent its being bent and cracked. As so many 

good partes are found in the market, such aa Higgina' and 
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Carter's photo pastes, it would pay better to buy one of these 
than attempt to make one. Most of these pastes are rather 
stiflF, and it may be of advantage to add about 1 teaspoonful of 
water and mix well. The paste is applied with a stiff, flat 
bristle brush, about 1} inch Avide, to the back of the previously 
moistened print, being sure to brush clear up to the edges. 
The print may then be taken up and laid on the mount, taking 
care not to handle it near the edges, but rather near the middle, 
otherwise the print will lose some of its paste and will not 
stick along the edges. After some experience it may be possible 
to reverse the process and lay the mount on the print, then 
quickly turn both around and readjust the print if necessary. 
After the print is in position, a sheet of paraffin paper, or some 
other smooth paper, is laid over it and a rubber roller, a 
so-called roller squeegee, is rolled over it with a pretty good 
pressure. The prints should dry with a free access to the air. 
Some prints demand trimming before being mounted. For 
this purpose a print trimmer is very handy. This consists 
of a long knife mounted on a graduated square board. 



DIFFERENCE BETWEEN A SKIAGRAPH ANI> AN 

ORDINARY NEGATIVE. 

63. Ordinary Photoflrraplis. — It is necessary, here, to 
call attention to an important difference between a skiagraph 
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and an ordinary negative, which, if not kept in mind, may be 
the cause t>f serious errors in a diagnosis, or in locating foreign 
substances in the body. This dilYerence is caused l)y tlie fact 
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that in a skiagraph, it is a question of transmitted, and in a 
photograph, of reflected, light. 

In Fig. 4, the })rocess of taking a photograph is shown in 
principle. On the left is a cross provided with the four 
letters Ay B, C, D. Reflected light rays pass 
from these through the lens L to the sensi- 
tive plate N. The rays, crossing one another 
in the lens, will produce an image on N 
that is not only inverted hut is also 
reversed, as cau he ascertained by turning 
the figure upside down. The film, or sen- 
sitive side is, in this instance, as with 
skiagraphs in general, turned toward the 
object. On turning over the negative and 
observing it from its front or glassy side, it will appear as 
in Fig. 6. This is the position it occupies in the printing 
frame, and the print will, therefore, also have this same arrange- 
ment of parts. 




Fio. 5. 



54. Sklagrraplis. — When a skiagraph is made, the situation 

is dififerent. in Fig. we have at T a Roentgen ray tube 

projecting its rays 
through the same 
metal cross and throw- 
ing a direct shadow 
on the sensitive plate 
S, In this case, as 
l)efore, the film side 
is facing the observer. 
Now, on placing the 
negative in the print- 
ing frame with its film 
side toward the print- 
ing paper, the plate 

and print will both appear as shown in Fig. 7, that is, reversed. 

L([ft is now made right, and vice versa. 

As a consecjuence of this, we can suppose the case, that a 

ohysician takes a skiagraph, sends it to the photographer to 
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have it developed and copied, and receives in return a print 
showing the above characteristic's. Not being familiar with the 

printing method, he may suppose it is a 
correct copy of his negative and may act 
accordingly. While this may make no dif- 
ference in a good many cases, in others 
it may. 






55. Prevention of Reversal. — A 

method of preventing this reversal would 
be to expose the sensitive plate with its 
Fio. 7. sensitive side turned away from the tube. 

Objections to this would be that the rays would first have to 
pass through the glass and thereby lose some of their strength. 
Another way would be to insert the negative in the printing 
frame with the film side turned outwardly. It would not do 
to print this picture in the shade, as the outlines would be 
diffused. Neither would it do to print it in the sun, unless 
the frame, after the several examinations, each time was 
returned to its original position. Printing by artificial light 
on one of the developing papers might do, as in that case the 
frame does not change positions during the printing and 
the light also remains stationary. 

As a safeguard, the following rule may be formulated: An 
ordinary negative^ to show a correct image, shmld be observed from 
its gl<iS8y side, a tfkiagraph from the film side. 

Some physicians prefer to have the bony structures shown in 
white on a dark background and make, for this purpose, first a 
glass positive by exposing a sensitive plate behind the skia- 
graph and then develop and fix it as an ordinary plate. This 
positive will now show the image similar to a print and by 
using it in the printing fnunt' in place of the negative, the 
bones will show white on darkly tinted tissues. 

If this glass positive is made while its film side is turned 
toward the negative, it will, in the prints, give a correct i)()sition 
of the part« skiagraplied. 

56. Pei-speotlve of Skiagraphs. — For reasons given in 
Arts. 1 and 57, it is not strictly correct to speak of perspective 
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when considering a skiagraph. In some skiagraphs there is a 
quasi-similarity to a perspective picture, but when considering 
the subject, one will find that the laws on which this per- 
spective is based, are entirely contrary to those of ordinary 
perspective. 

When studying the picture of a landscape, the objects in 
the for^round are found to be full of details and with sharp 
outlines. As the eye recedes to parts farther away, details 
will be lacking and a general haziness and softness of outlines 
will prevail. Simultaneously the objects will decrease in 
apparent size. 

Observing a skiagraph from its glassy side, we may see some- 
thing similar. There may be some objeqts apparently situated 
in the foreground, full of details and sharply outlined. Back 
of these and partly hid by the former some other parts are 
found, more diflFused and more soft in outlines. We may, in 
fact, seem to see objects situated in various planes, one beliind 
the other, with a gradual increase in diffusion. Apparently 
this ought to be a good perspective, but let us see how these 
effects are produced. 

It is clear that when a skiagraph is taken of an object com- 
posed of parts situated at unequal distances from the plate, 
that those parts which are immediately adjoining the sensitive 
plate will have sharp outlines and numerous details. The 
other parts will show a degree of diffusion according to their 
distance from the plate. 

But this is not all. From the diverging nature of the rays 
those parts more distant from the plate will produce shadows 
with greatly increased dimensions. If, now, the observer 
occupies the same position relative to the skiagraph as the 
tube, he will see those parts that adjoined the plate, and that 
therefore are the most distant, with the clearest details. Those 
nearer to him will, to be sure, show an increase in size, but 
will also grow more diffused. Looking at the plate from its 
glassy side will not improve matters. Not considering the 
reversal of the image, we find that objects increase in size as they 
recede from the foreground. 

If this skiagraph is studied from its film side by a person 
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ignorant of these peculiarities, but familiar with the laws of 
ordinary perspective, he will instinctively receive the impres- 
sion that those parts with tlie clearest details are next to the 
observer, and that the others are the farther away the 
more they are lacking in detail. Acting in opposition to this 
deduction is the other one, that the parts more clearly outlined 
are. partly overlapped by parts of more diffuse outlines and 
that, therefore, the latter somehow must be nearer. 

We see, then, that the perspective of a skiagraph is con- 
structed on rather contradictory principles. It is, therefore, 
not always easy to readjust the received impressions and to get a 
clear conception both as to size and location of the parts com- 
posing a skiagraph, aixd it will take some experience before this 
difficulty is entirely overcome. 

As distortion in a skiagraph cannot be entirely prevented, 
some universal standard should be agreed on regarding the 
position and distance of the tube relative to the objects skia- 
graphed. It will then be possible to know where to look for 
distortions and why they are produced. For this purpose, 
Doctor Williams, surgeon to the City Orthopedic Hospital, 
London, makes the following suggestions: 

1. That there should be certain points on the human sub- 
ject over which the anode should be placed, and that on the 
skiagraph a small (A) mark should denote the position of 
the anode. 

2. That the distance from the tube to the plate or film 
never l)e less than 18 inches. 

3. That in the lower extremities they should be placed at 
a right angle with a line drawn between the two anterior 
superior spines, and that the spine be absolutely at right 
angles to this also. In the case of one hi j> joint being fixed 
in, say, adduction, then the sound limb should be placed at 
a right angle. 

4. In the upper limbs for tho slionlder-joint the arm should 
make with tho niid-lin(^ an angle of 15°, and the hand rest 
with the i)ahnar surface downwards. The opposite sound parts 
should always be shown for comparisoii, taken, of course, 
under exaetly the same condititais. In the elbow-joint the 
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internal condyle being on the Him, the anode ahould be placed 
over a point about 1 inch below the ezte]:fial condyle in the 
line of the forearm. This is for the purpose of opening up the 

joint a£ much as possible. 

5, For the trunk, it should be placed as symmetrical as 
possible, and iu the case of the neck vertibra; the best position 
is found to he with the occiput well over the end of the plate, 
and the chin high up, but exactly in a straight line with the 
sternal notcli. 



57t Ho^v to Study a Bklagrapli. — In many skiagraphs 

the gradations of the shadows are so delicate that they cannot 
be discerned under ordinary circumstances. Some arrange- 
ments should therefore be made to facilitate the study of them 
under the most advantageous conditions. Various appliances 
have been suggesteci for this purpose. First in order is the 
background, against which the skiagraphs are viewed. It 
should be such as to exclude all foreign objects from \iew and 
be of an even, line-grained texture. A pane of ground glass 
will fulfil these requirements. If a lower window sash is pro- 
vided with such glass, and the skiagraph viewed against this 
background, while a curtain covers the upper sash, much will 
be seen which otherwise would escape attention. While this 
arrangement may do under ordinary circumstances, it is not 
good enough for finer work. In such cases all light, except 
that passing through the skiagraph, should be excluded. For 
this purpose an appliance similar to that used by photographers, 
when retouching negatives, may be made. It consists mainly 
of a slanting de.'^k surrounded by a hood that keeps out the side 
and front light. In the center of the desk is a square aperature 
covered with ground glass; some distance below the latter, and 
in a horizontal position, is a mirror, which serves as a reflec- 
tor. By means of this reflector the light, coming through a 
window, is thrown upwardly through the ground glass and the 
skiagraph that is laid on the latter. The ground glass should 
be Urge enough to include the largest size of skiagraphs. When 
smaller sizes are studied, then a sheet of cardboard with an 
opening correepouding to thai of the skiagraph, may be laid over 
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the ground glass. All extraneous light may thus be kept 
away also from the smaller skiagraphs. The room should 
preferably be darkened, leaving an opening in front of the lower 
window just large enough for illuminating the reflector. When 
daylight is not available, artificial light may be reflected into 
the ground glass, or, if preferable, used altogether. 

In this case a box may be made with a slanting front con- 
sisting partly of a pane of ground glass. Inside of this front 
may be a number of incandescent lamps that throw their light 
toward a mirror, from which it is reflected toward the ground 
glass. The lamps should be prevented, by means of suitable 
shields, from throwing their light directly on the ground glass. 
Arrangement should be made for regulating the intensity of the 
light in accordance with the density of the skiagraph. It has 
been found that by o])serving skiagraphs illuminated in this 
manner, from a distance of 10 to 30 feet by means of an opera 
glass, they would show a remarkable increase in details and 
contrasts. They seem also to gain in perspective depth. 



STEKEOSKTAGBAPHY. 

58. Principles. — The objection is sometimes made to 
skiagraphs that they lack depth or perspective, and are mere 
map-like representations oi organic structures. In a measure 
this is true, and cannot be otherwise, but at the same time this 
is not in general found very objectionable, as in most cases it is 
more a question of locating and outlining parts than of a pic- 
torial representation of same. At the same time, there are 
cases where it is of advantage to see the relative position and 
depth of overlapi)ing parts. For tliis purpose stereoscopic 
skiagraphs serve admirably. 

It is i>resunied that the principle on whicli ordinary stereo- 
scopic views are made is well known, and it will, theref(^re, 
suftico to say that the whole proccflnre consists in taking two 
skiagraphs of the sani<» ohj^'ct from two different points of view. 
These two views are then roniMncd hy means of a Wheatstone 
reflecting or a Brewster refracting' stereoscope into one, which 
gives the relative dei)th and location (4 the diffj-rent parts. 
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59. Apparatus. — ^The inBtriiment described in Art. 114, 
The Physics of Roentgen RaySj will serve very well for this pur- 
pose and may be used in the following manner: The object is 
laid with its long axis parallel to the bar A and with its 
central part vertically under the anode when the tube occupies 
its central or zero position. The height of the tube above the 
object should be about 12 inches, as this corresponds with the 
average distance between the eyes and a picture, when viewing 
the latter. The distance between the eyes themselves being on 
an average 2^ inches, the tube is moved to the left one-half 
of this distance, or IJ inches. After inserting a sensitive 
plate with its middle point vertically under the central part 
of the bar Ay an exposure is made. The tube is now moved 
IJ inches to the right of the zero point and another plate 
slid under the first, to insure an identical position, when the 
plate already exposed is removed. After exposing the second 
plate, two skiagraphs are produced, taken at two points 2^ 
inches apart. 

When studying these views in the stereoscope, either as 
skiagraphs or as paper positives, it should be kept in mind 
what was said in Art. 54 regarding the reversal of the image. 
This is of particular importance when it comes to locating 
foreign bodies by means of stereoskiagraphs. 



Practical Applications of Roentgen 
Rays. 
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REGIONAL DIAGNOSIS. 



HEAD AN1» FACE. 

1. Position or Patient, — The head can be fluorospoped 
while the patient ib rented on a chair. It may be skiagmphed 
in the same position, but it is better to have the patient on 
a table or floor. The facial portion of the skull can be clearly 
outlined, but the larger portion of the cranium is darkened 
by the shadow of the brain, as well as by the shadow of the 
opposite cranial wall. To study the relations properly, 
sagittal and a frontal exposure must be made. If the left 
side of the head rests on the plate, the irradiation taking pta< 
from the light, the soft tissues, and the galea aponeurotica are 
recognized as a light shade. The soft tissueu of the nose, lips, 
and of the chin are very conspicuous. 

3. Vl9ll»Ie PortlouB. — Of the txjny parts, the external 
occipital protuberftnoe, also the (irbital, nasal, and sphenoid 
cavities are easily recognized In the center of the temporal 
bone, the light shade of tlie external auditory canal is seen. 
Below the latter, the small cavities of the mastoid procesB may be 
perceived; the zygoma is also i|uite distinct. The nasal bonee 

flir nofm of mpyrifflil. an p-Kjf immolialtlsi fflbiulnff tlie litlt pOffc 
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and the superior maxilla, showing the quadrangular shade 
of the antrum Highniori, especially can be well represented. 

The nasal process, the hard palate, the alveolar process and 
its cells and teeth, and the inferior maxilla — showing its mental 
foramen, the protuberance, the external oblique lino, the angle 
with its two processes, can be well demonstrated. With these 
osseous structures, the shades of the tongue and the velum 
palati contrast well. The motions of the velum palati and of 
the tongue can be easily studied. Schneier has considerably 
increased our knowledge on the physiology of the phonation 
by his fluoroscopic studies in this connection. 

By placing the patient's face on the plate and the tube 
behind it, the margins of the orbit, the frontal and nasal 
cavities, and the nasal bones appear well outlined. 



INFANTS. 

3. In infants, the details can be much better represented. 
Even the interior of the ear (cochlea and semicircular canals) 
can be shown. Plate I, for instance, shows the internal struc- 
tures of the skull, among them the sella turcica. It represents 
a boy, age 5 weeks, who shows a spherical, non-pulsating 
tumor, of the size of an orange, projecting from the naso- 
frontal region, and sinking downwards to the alae nasi. At 
birth the tumor was a trifle smaller. The walls of the tumor 
were thin, and the integument appeared normal. Contractions 
of the tumor were observed, especially while the child was 
crying. During sleep the tumor appeared somewhat smaller. 
There was exquisite fluctuation, and the contents could be 
pressed almost entirely within the skull, which did not cause 
any reaction. Pulsation of the brain could not be detected, 
nor could the border of the cranial opening be felt distinctly. 
In view of these facts, especially of the inability to palpate 
a solid mass with certainty, a meningocele was suggested. 

The Roentgen rays, however, nioditied the diagnosis. A 
skiagraj)!) showt^l ht-hind the light shade, represt'nting the 
fluid, a dark one, which had to be interpreted as a solid mass, 
confined to the area of the large, triangular bony opening. That 
this was cerebral substance was veritied by the subsequent 
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operfttion. The pkidgraph showed that the nasal bone was 
Bhifted downwnrdH bo that the interBpoce of the width of a 
man's thumb was left between it and the frontal bone. After 
a constriction of the base of the tumor had been made, for the 
purpose of ascertaining whether cutting off the circulation and 
pressing upon the contents would produce any reaction, a 
prophylactic silk suture was conducted around the whole 
circumference of the tumor at its base, in order to be able to 
control any excessive hemorrhage by quickly pulling together 
the suture ends. An elliptic flap was then dissected from the 
center of the tumor and the cavity opened laterally. After 
about one tablespoonful of normal cerebrospinal fluid had 
escaped, further exposure of the sac revealed its lining, consist- 
ing of dura mater, partially protecting degenerated cerebral 
substance. Near the base, according to the darker shadow of 
the skiagraph, cerebral substance, covered by dark-red, velvety, 
succulent, and easily bleeding tissue, protruded. After sever- 
ing the protruding portion from its lateral connections, which 
.were thinly spread over the walls, it was possible to reduce it 
into the cranial cavity. Two-thirds of the sac were now 
removed and the remaining stump was freed from the frontal 
bone, including the [jeriosteum, until appoaition without ten- 
6ion could be obtained. The edges were then united with thin 
formalin catgut, and supported by another row coiisisting of 
overlapping soft tissues; finally, the skin edges were united with 
a stout iodoform silk. Although the loss of blood was scant, 
the infant appeared very anemic after the operation, and 
refused nursing until 2 hours afterward. No stimulants were 
administered. There was no reaction, and at present, 1 year 
after the operation, the child appears normal in every respect. 
Another skiagraph, taken at this time, shows that the bony 
canal became considerably smaller. 

FOItElON BODIES IN THE EYBaAtl,. 

4. To locate foreign bodies in the eyeball, the exposure is 
best made in the oblique direction (Dahlfeld and Pohrt 
succeeded even in sktagraphing birdshots of the siie of 
1 to .4 mm.), so that the foreign body appears either in front 
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of, or behind, the orbital margin. The localization of foreign 
bodies in the skull is sometimes connected with considerable 
difficulties. If foreign bodies are situated in the bones, two 
skiagraphs, at least, are recjuired — one t<» l)e taken anteriorly, or 
posteriorly, and the other laterally. By simply crossing their 
diameters diagonally, the distance from the outer surface can be 
determined. The same principles of localization, more or less 
modified, apply to the intracranial localization of foreign bodies. 

5. Method of Extracting: Foreii^rn Bodies. — In extract- 
ing foreign bodies, it has been found quite helpful to measure 
the distance of the foreign body from the nearest bone promi- 
nence in both skiagraphs; also, to compare tlie skiagraph with 
the features of a nonnal skull. In the case illustrated by 
Plates II and III, a bullet had entered the right temporal region, 
and, by passing the orbit transversely, caused traumatic enoph- 
thalmos (injury of the sympathetic roots of the ciliary ganglion). 
The optic nerve was pierced, and considerable hemorrhage of the 
choroid and retina had taken place. Neither the comminution 
of the orbit nor any injury within the extent of the left antrum 
Highmori, through which the bullet had taken its course, could 
be demonstrated by the rays, but the bullet itself was located in 
the left pterygoid process. The distances were first measunxl, 
during the operation, simply with a graded probe; the distance 
between the nasal bone and the bullet boin*:: taken at the first 
skiagraph, wliich determined the direction and the extent of 
the skin incision, and then the sanie distance being taken from 
the side skii^rraph, which determined the depth of the incision. 
Although the bullet was iinbedded in the bone and was sur- 
rounded by new l)one-tissue, it was not ditlicult to detect and 
extract it after the antrum llighnic^ri had l.>een exposed by 
osteoplastic resection of its anterior wall. Without the aid of 
the rays it would have b(»en inipossii)le to trace the bullet. In 
fact, it was remarkable that it had taken so lon^ and desti iiclive a 
course without causing any other syniptnins than a dull contin- 
uous pain all over the skull. The bullet was so coin[)rcssed 
thatitJiad chaiiL'cd its lonn:itu<Hnjil form into a Ilat disk, which 
explains the shape of the bullet in the skiagraph. 
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G. Marking Skla^fraplis for Reference. — For localiza- 
tion of foreign ixidies in tlie eyeball, it is advisable to place 
miniature letters at the inner and outer end of the eyelid and one 
at the orbital margin. Special attention is called to the repre- 
sentation of the defect in the superior maxilla, Plate III, 
which indicates that the patient is sufFerlng from a cleft palate. 

FnACrilRES, 

7. Fractures of the Cranial Bones. — In fractures of the 
facial bones skiagraphy is of great value. In one instance it 
was possible by skiagraphy to illustrate the depression of the 
outer and the protrusion of the inner table in the case of a 
man, age 25 years, who had sustained a transverse fracture of 
the frontal bone when a child. As the patient suffered from 
epileptiform attacks after the injury, which was originally 
taken for a superficial lesion only, osteoplastic resection was 
performed 16 years later. The position found at the operation 
verified the correctness of the akiagraph. The attacks have 
since stopped (the time of observation being 2 years after the 
oiwration). 

8. Praetures of the Facial Bones. — Fractures of the 
nasal bones, the alveolar process, and the zygoma, can be 
represented by the rays. Skiagraphy of the base of the skull 
can be relied on only under very favorable circumstances. 
Fractnre of the inferior maxilla may also be skiagraphed. 
After llie fragments are wired it is of value to keep them 
under control by repeated skiagraphies examinations. 



OEX It,\YS rW tUIINOI.OliV. 

9. The lioentgen rays have furnished valuable contribu- 
tions to our knowledge of rhinology. The frequent presence 
of foreign bodies in the nose gives many opportunities for 
their use. The examination of the frontal sinus is of still 
greater importance. The absence of nasal bones and of the 
hard palate can he well studied {^see Plates I, II, and III). 
In suppuration of the antrum Hightnori the skiagraph del^r- 
inJncs the aHected side, which shows a much darker shade 
than the noruial. 
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ROENTGEN KAYS IX DENTISTRY. 

10. The relation of the dental roots and tlieir position, 
the presence or absence of the milk-teeth, as well as of the 
permanent teeth in children, or of an old root, or foreign 
bodies (fillings, pieces of chisel broken off, for instance, while 
excavating a carious tooth), and the extent of an alveolar abscess 
can be clearly demonstrated. 

Sometimes it is of great forensic importance to determine the 
age of an infantile corpse by skiagraphing the teeth. As a rule, 
it will sufiice to place the face portion nearest the tooth in 
question on an ordinary Roentgen plate. If fine details are 
demanded, flexible films may be introduced into the oral 
cavity, where they will adapt themselves to the contours of the 
maxilla. 

In a case of severe neuralgia, the question arose whether an 
old root was the cause of the evil. The skiagraph showed that 
the small screw of the adjacent artificial tooth had been attached 
in a wrong direction. After it was unscrewed the pain ceased. 



NKCK. 



1 1 . Position of Patient. — The neck may be fluoroscoped 
as well as skiagraphed while the patient is seated on a chair, 
but for skiagraphy it is better to have the patient reclining on 
a table or the floor, a small pillow 8ui)p()rting the head. The 
best exposures are made by turning the i>ationt sidewise. In 
this position the cervical vertel)ne are better Hhown, the angle 
of the inferior maxilla not overshadowing their upper portion. 
The dark shade of the hyoid bone, as well as the lighter shadow 
of the larynx, the epiglottis and the trachea are well repre- 
sented. The esophagus, while not consijicuous, can he made 
out behind the trachea as a hollow space. The lK)dies, the 
spinous, and transverse processes, as well as the intervertel)ral 
foramina, appear very conspicuous. 

12. An Ideal Method. — Aneurism of the carotid and the 
subclavian arteries are demonstrable. Tumors of the larvnx, 
especially chondroma, and ossification are easily recognized. 
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Exploratory incision for suspected foreign bodies in the pharynx, 
tonsils, larynx, trachea, and esophagus have become unneces- 
sary. The rays, as explorers, have indeed realized the old ideal 
desideratum: CitOy tuto, et jucunde. Whoever has felt the 
uncertainty in diagnosticating foreign bodies in these r^ons, 
and especially who has been tempted to resort to adventurous 
procedure, must keenly feel the blessings that the rays have 
brought. If the Roentgen rays would have done nothing else 
but located foreign bodies in the throat, they would represent 
one of the greatest blessings to sufiFering humanity. 

13. Removal of Coin From Throat. — As an illustra- 
tion of the removal of a coin, the following case may be men- 
tioned. A baby of 1 year had swallowed a penny 9 days 
before. When examined at a hospital it was decided that the 
foreign body had passed the esophagus. The mother watched 
the feces of the patient carefully, but did not find the penny. 
In the meanwhile, the baby became feverish and vomited fre- 
quently. When the child was first seen it gave the impression 
that a grave disease was present. Instead of introducing an 
esophageal i)robe, as was done in former years in such cases, 
the fluoroscope was used, which located the penny at once on a 
level with the second rib. A coin catcher was then introduced. 
After having passed the isthmus a resistance was felt; the 
instrument was then pushed forwards, turned, and withdrawn, 
until considerable resistance was encountered, when the steel 
attachment of the coin catcher broke, so that coin and catcher 
were both in the esophagus. After many unsuccessful efforts, 
the broken fragment of the coin catcher was extracted (with an 
esophageal forceps). The coin was now propelled into the 
stomach with a whalebone pusher. No sooner was this accom- 
plished than the child vomited and the penny was ejected. 

14. Reinovlnjf a Needle. — Another remarkable case is 
that of a girl, age 15 years, who, on the evening previous to the 
examination, had held a needle between her teeth, which, when 
frightened by a sudden noise, she swallowed. Medical care was 
summoned at once. The distinct pain, located at the region 
of the first and second dorsal vertebra^ was attributed to the injury, 
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which liacl presumably been caused by the needle passing the 
esophagus. The pain becoming more intense during the night, 
the patient was brought to the hospital where, after being under 
anesthesia, she was advised that the needle was in the stomach 
and would soon pass per vias naturales. 

Ijater, when the ncntk was examined with the fluoroscope, 
the needle was discovered at a level with the first rib. By 
introducing the finger into the es<^phagus, the needle could be 
distinctly felt at this region and was successfully dislodged so 
that it was possible to extract it with an esophageal forceps. 
Without the fluoroscope, it would not have been possible to 
proceed with such absolute certainty. 

If the fluoroscopic examination had not l)een successful, the 
thorax and abdomen should have l>een skiagraphed and the 
foreign body would j)robably have been located somewhere in 
the esophagus or the stomach. 

15. (ioclit reported the case of a patient who had been 
submitted to repeated t)p(»rative i)rocedures on account of severe 
pain in one of his tonsils, without obtaining any relief. The 
Roentgen rays revealed a needle fragment deeply imbedded 
in the tonsillar tissue, where it was inaccessible to palpation, 
of course. 

16. Fractures of Hyoid Bono, I-iiirynx, and Ver- 
tebife. — Fractures of the hyoid hone, tht^ larynx, and the 
vertebne can i)e easily recognized. Plate IV illustrates the case 
of a woman, age 21 years, who, in falling downstairs during an 
epileptic fit, sustained a fracture of the right transverse pro- 
cesses of the first, second, and third cervical vertebra-. There 
was a fracture within the cervic^al vcrtcbrjc, at once recognized by 
the family physician, but its localization, and especially the 
fact that onlv the transverse i)r(n'css was concerned, could be 

ft 1 * 

verified onlv bv means (J the Rojut^cn ravs. 

Reduction was ae('oui|>lislnM.l under the ^uidnnct^ of the 
Roentgen rays. One of tin; verte]»ral fragments was felt as a 
protruding mass from the posterior pliaryn;zeal wall and was 
pushed backwards. The after-treatment consisted in the a})pli- 
cation of Glisson's cradle. Recovery Wius perfect after 9 weeks. 
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17. C^olter. — The various tyi^ies of goiter may also be 
8tudie\l. Wherever calcification is found, slruniectomv should 
be advised, pmnded the disturbances are of a severe character. 
Otherwise internal treatment combined with the local injection 
of iodoform-ether is to be tried. 



CHEST. 



18. The chest may ]>e fluoroscoped while the patient is 
standing, or seated on a chair. Skiagraphy is best done on a 
table i)T the car|»eted floor. The dorsal vertebra\ the rilx?, the 
clavicle, and their injuries and diseases, es|>ecially those of 
the heart, the lungs, pleura, and the diaphragm, can be easily 
seen. Foreign bodies in the thoracic cavity are easily repre- 
sented, and most diseases of the thoracic cavity can be studied 
by the aid of R«>entgen rays. An enlargement or displacement 
of the heart and effusion in the pericardium can be repre- 
sented, as well as aneurism and the various kinds of mediastinal 
tumors. 

Pneumonic solidification, phthisical foci, cavities, abscesses, 
tumors, bronchiectasis, emphysema, and retractions of the lungs 
can he recognized by fluoroscopy as well as by skiagraphy. 
Effusions in the pleural cavity, also fibrous swards of the 
pleura, are noted. Irregularities of the excursions of the dia- 
phragm can l>e well studied. Nowhere does the usefulness of 
the fluoroscope become so apparent as it does in chest work, 
because the intrathoracic organs can l>e obBer\'ed while in 
motion. 

19. Skiairraphln^ the Thorax. — In skiagraphing the 
patient in the doreal position, anterior irradiation, the spinal col- 
umn, as well as the posterior portions of the ribs with their heads, 
necks, and tuhercules become apparent, especially at their right 
side. Tlie direction of the j>osterior ribs is downward, while that 
of the anterior is upward. The image of the anterior aspect of 
the ribs is naturally diffused on account of the much greater 
distance from the i)late. 

20. Skiaui-aphinp: Anteriorly. — In skiagraphing ante- 
riorly, })osttri<)r irradiation, the patient lying on his abdomen, 
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the clavicle, the sternum, and the adjoining ribs are well 
defined. The spinal column and the posterior ribs appear 
diffused. The heart being situated so near the anterior chest 
wall, shows ita outline well marked. The shade of the large 
blood-vessels is less distinct. The shadows of the normal 
lungs, especially the middle portions, are very light. The left 
middle portion of the lungs must be studied from the side, 
because, if examined from the front, it becomes obscured by 
the large triangular shade of the heart (Plate XXVI). 

2 1 • Fractures of Dorsal VertebrcB, — A clear skiagraph 
of fracture of the dorsal vertebra) represents the type of the frac- 
ture, the size and number of the splinters and their location so 
well that the indications for the mode of treatment are clearly 
set forth. If there is only slight angular displacement, reduc- 
tion can nearly always be accomplished. But in the event of 
intraspinal hemorrhage and when bone fragments, driven into 
the canal, press upon the cord, operative interference is required. 

Under the application of Roentgen rays, the operations, 
which formerly had been confined to exploration, have become 
much more encouraging. The field of operation being outlined 
by the skiagraph, the modm operandi can V)e determined before 
operation. While at one time it was deemed advisable to 
expose a large portion of the spinal coluinn in order to ascer- 
tain that every jmssible injury had really l)een reached, now all 
the operative procedures can he carried out under the indication 
of the rays with ease and security, even the length of the 
incision necessary for the removal of bone splinters being shown 
by the skiagraph. 

It is surprising thai surgeons, who find it most luitural to 
relieve, by immediate operation, brain jjressiire (^jiused by a 
depressed fracture of the skull, should hesitate to j^orforni the 
similar operations upon the spinal column. Notliinji, indeed, 
is more natural than reduction or removal of a frairmeiit ])rcs- 
sing on the spinal cord. 

22. The treatment of ^ro/Zox/.?, A* v/)//os /.<.•, and htrdosis, ean be 
well controlled by repeated skiagraphic ol)servations. 
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23. Inflammatory processes, like spondylitis, can be difTer- 
entiated from frtictures of the epinal column. Tubercular foci 
in the Tertebm; are also demonstrable, The same applies to 
osteomyelitis and tiecrueis. 

34. In Plate V, showing fractures of the neck of the 
scapula, fractures of the second and third ribs are also evident. 
The diagnosis of these simultaneous injuries were not made 
because the swelling and crackling of that region, so near the 
seat of the main injury, were attributed to it. There were no 
physical signs present and the subjective symptoms consisted 
in pain that was thought to be caused by the scapular injury. 
The slight cough noticeable now and then was explained by 
broncbitis, from which the patient had suffered before he sus- 
tfdned the injury, 

25. Fractures of the Clavicle.— Fractures of the clavicle 
are, in general, easily recognized, but there are rare cases of 
impaction and fissure in which no deformity or crepitation is 
observable, and which could not be recognized except by the 
aid of the rays. In case of extensive displacement, it is 
important to control the treatment by repeated observations. 

20. In tumors of the chest wall (fibroma, osteoma, chon- 
droma, osteochondroma, osteosarcoma, etc. ], the question m to 
bow far the pleura; and lungs are involved, is of great impor- 
tance and may determine whether removal still offers any 
hope of benefit for the patient. The same may apply to 
advanced carcinoma mammie, which, thanks to the wonderful 
advances of surgical science, are rarely seen at the present time. 

27. The outlines of the heart are more marked during 
fluoroscopy than in skiagraphy, its regular contractions produ- 
cing a diffuse shadow on the plate. 

28. In fluoroscoping, the regular expansion of the thoracic 
walls during each inspiration can be studied, the ribs diver- 
ging from each other and the diaplirafrm descending. The 
movements ol the heart can he distinctly seen. The obeerva- 
tions of Williams ami Kcnei^llkt not only proved some physio- 
logical errors in regard to the mode of contraction of the heart, 
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but also cleared some obscure points. That the heart does not 
empty itself completely at each systole, becomes evident by the 
presence of a large blood shade. Thus we learn that the con- 
tractions of the heart an* not ot the extent assumed heretofore. 
In proportion to the amount of blood filling the ventricles, the 
shade of the apex appears lighter or darker. 

During deep inspirations it can be observed that the dia- 
phragm becom*»s distant from the lieart, which proves that the 
heart is suspended by its blood-vessels and is not supported 
by the diaphragm. 

The importance of ascertaining the exact size of the heart- 
should also not be underestimated. For examination in this 
direction, at least two skiagraphs, under different projection 
planes, should he made in order to avoid errors. The princi- 
ples 01 localization should be well observed. 

29. Mecliu.**tintil Tumor. — As to type, shape, and size of 
any mediastinal tumor, nmch more reliable information can be 
obtained by skiagraphy than by percussion. In the case of 
a patient, age 53 years, the symjUoms of (esophageal stenosis 
became apparent, the esophageal sound stopping at the level of 
the fifth dorsal vertebra, and signs of cachexia showing, carci- 
noma of the esophagus was thought of, and the question of oper- 
ative interference arose. The skiagraph showed a mediastinal 
tumor ol the size of a new-born chilirs liead that pressed upon 
the esophagus. Therefore an operation was not ex])eeted to be 
of any benefit. The autopsy veritied the diagnc^sis 5 weeks 
later. 

30. Stenosis of the Ksopha^iis. — To localize stenosis 
)f the esophagus, a rubber tube containing thin, llexible steel 
wire in spiral form, may be used, the skiagrapli demonstrating 
where the stoppage of the tube oeeurs. Most patients, however, 
will not tolerate this otherwise efTeetive prf)eedure. 

For lluoroseopic examination, it is advisal>le to administer an 
opacpie substance, like siibnitrate of l)ismuth, in a wafer. Tlie 
tub(i is adjusted in front of the patient's right shoulder in sucth 
a manner that the chest is irradiated from tiie ri.i^hl up])er 
anterior aspect toward tin- left lower posterior. Tiie oismuth 
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(about 15 grains) can be seen during the act of swallowing as a 
marked shade that hecomes diffnBeil alter a few seconds; then 
a portion of it is detected in tlio stenosis, while the other 
esophageal parts show nothing abnormal. 

31. In a patient, age 66 years, asthmatic Byniptoma were in 
the foreground. Percussion and auscultation showed dulhiess 
of the left side reaching from the lower border of the third rib 
to 2 inches below the arch of the ribs. 

There was slight bruit, but no visible pulsation. Deglutition 
was slightly interfered with. The patient was thin, but appar- 
ently there was no cachexia. The skiagraph showed a tumor 
occupying nearly the entire left thoracic cavity. The irregular 
outlines, together with the absence of pulsation, pointed to the 
presence of a solid tumor. The autopsy, made 2 months later, 
showed an enormouii sarcoma of the bronchial glands. 

32. Aortic A jieui-lsm.^ Aortic aneurism can also be 
advantageoiibly studied. In the case of an Italian laborer, a 
pulsating tumor was detected at the left intraclavicular fossa. 
The diagnosis, aneurism of tlie subclavian art«ry, had been 
made and ligation advised. In the meanwhile, several skia- 
graphs were taken that showed the presence of aortic aneurism, 
the supraclavicular tumor only being a portion of it. lodid of 
potassium was administered and the supraclavicular tumor 
disappeared entirely. The size of the aneurism had con- 
siderably decreased, as waa shown by the skiagraph. In 
harmony with the anatomic diagnosis is the excellent con- 
dition of the patient, who has been under observation for a year. 

33. It should be borne in mind that under normal cir- 
eamstances the aorta is seen in the left mediastinum at the first 
intercostal space. A sac-like bulging of the arch, showing con- 
nderable pulsation above this space, points to the presence of 
aortic aneurism. Vehement pulsation, if there is no sac-like 
balging, points to aortic insufficiency. 

In a most HXtraordinary case of aortic aneurism, it was possilile 
to demonstrate not only complete ainiphy of the sternum down 
to the xiphoid process, and of the sternal jiortions of the clavicle, 
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limping is thus sometimes explained by the early recognition of 
sclerosis of the arteries of the foot. 

In a ease of sclerosis of both radial arteries, Plate VII, the 
foreiirm, head, neck, femoral, and aortic regions were studied 
gkiagraphically. Nowhere did the conspicuously develojied 
plat€e ehow any indications of degeneration of any artery 
except on the forearm. From the negative state of the other 
skiagraphs the conclusion was drawn that the patient's arterio- 
sclerosis was confined Ui the radial and the anterior interosseous 
arteries^a limitation that harmonized with the good general 
condition and absence of paljiitation, dyspnoea, and vertigo. 

35. SklagT^pliingr Arteries. — The arteries can be well 
represented on tlie cadaver, after they are injected with a material 
not permeable l>y the rays, as, tor instance, a mixture of 
calcium sulfate or of blue ointment of 33J per cent Thus a 
repreaentation of the smallest arterial branches can be obtained 
and images of the arterial branches of the lungs, kidneys, spleen, 
and the brain can be beautifully represented by a stereopticon. 

36. As to type and size of mediastlDal tumors, much more 
reliable information can be obtained by combined fluoroscopy 
and skiagraphy than by percussion and auscultation. The 
examination must be made in different positions. While 
aneurisms, as stated in Art. 32, are characterized by the presenco 
of pulsations, and mediastinal tumors by the absence of pulsa- 
tions, it should not be forgotten that mediastinal tumors may 
also appear pulsating, the pulsation being communicated. Od 
the other hand, there are aneurisms that do not pulsate. 

37. PerlfunlltU. — Pericarditis is not infrequently 
observed after a fracture of the ribs if a splinter has pierced 
the pericardium. The true character of the trauma can always 
be elicited by Roentgen rays. If, for instance, the clinical 
symptoms are slight, and the rays show no displaced splinters 
in the direction of the pericardium, medical treatment alone is 
in order. Even if a bullet, after having fractured a rib, bus 
entered the pericardium, there may be no need of surgical 
interference it no severe symptoms are present. 
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In the case of a man that was shot through the supraclavicular 
fossa, in a perpendicular direction, 8 years before he died, the 
bullet was detected by the fluoroscope at the apex of the heart 
No apparent disturbance had been caused by it. At the 
autopsy, the bullet was found embedded in fibrous tissues in 
the pericardium. 

The evidence of a sharp bone splinter pointing toward the 
pericardium indicates the urgent necessity of exposing the 
pericardial sac after the resection of the left fourth, fifth, and 
sixth ribs. They do not necessarily need to be resecte<l in their 
totality, but may be folded up at their sternal junctions like a 
bone flap of the skull. The diagnosis of pericardial adhesions 
may also be verified by fluoroscopy, which shows limited 
expansion. 

DISEASES OF lATNGS AND PLEURA. 

38. In regard to the study of the diseases of the lungs and 
pleura, whoever does not master the principles of auscultation 
and percussion is not fit to comprehend their fluoroscopic or 
skiagraphic signs. There are conditions in these organs that can 
be better elicited by the so-called pliysical methods and others 
that (jan be ascertained only by means of the Roentgen rays. 
While the rays show small tumors or infiltrated foci that, on 
account of their central location, cannot i)e diagnosed by the 
old physical metliods, they have the disadvantage always to 
show the thoracic image in. totv, that is, they ruj)resent all the 
shades of the tissues situated before and behind the diseased 
area at the same time, while the result of percussion and 
auscultation is circumscribed. 

31). Tuberculosis. — At the early stage of tuberculosis of 
the lungs, valuable information can be derived from irradiation. 
Skiagraphy is of greater value in this coiinection than the study 
with the screen. Solidification and atelectasis, as well as 
exudation and calcification, can 1)0 well demonstrated. The 
true nature of the various shades is oftc^i Ix-tter understood if, 
after skiagraphic representation, the thorax is also liuoroscoped 
in different positions. 
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40. ThuB interlobular exudation may be differentiate<l. 
Tlie localization of lung abscess, of echinococcua and gangrene 
of the lungs, etc. h simplified by examining in different 
poBltions. Abscesses and gangrene of the lungs appear as 
light circuntscribed foci that contrast markedly witli the darker 
shades of the lungs. 

41. Pleuritic eftueions shnw a marked opacity through the 
duoroacope. The larger the amount of e£Fu&iou, the greater is 
the d^ee of opacity. In pynthorax the opacity is somewhat 
leea complete than in serothorax. Especially on the right side 
the outlines of the liver show a marked contrast to the lower 
boundary line of the effusion. The inner boundary line of the 
eEFusion generally appears convex, but if the patient inspires 
deeply or if he coughs violently it loses its convexity and 
becomes horizontal. By changing the position of the patient, of 
course, displacements of the effusions are observed accordingly. 
Uniform transparency above the effusion points to the result of 
a simple inSammatory process, while constant opacities of on 
irregular appeuranoe justify a suspicion of a beginning of 
tuberculosis. 

42. As a rule, it is found that the area of dullness corre- 
sponds to the area of shadow. It is natural that the represen- 
tation of cavities in tuberculous lungs should not be attended 
with any technical difficulties. Mediastinal and pulmonic 
tumore, which, on percussion, did not show any dull area 
pointing to their presence, are recognized. Swollen bronchial 
glands have also been diagnostiualed by the rays. Hypcrtro- 
phied pleurie show a very distinct shadow according to the 
thickness of their tissues. 

43. The extent of a pyothoracic cavity can be represented 
by fiUing it with iodoform glycerin, The subnitrate of bismuth, 
which is not permeable by the raj's, furnishes a still more 
marked contrast; but, as it interferes with the treatment, its nae 
cannot be recommended for this especial purpose, 

44. The rays also proved that after subperiosteal resection 
at a. rib, the exeected portion is always more or less reformed. 
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46. Hydropneumothorax may also be recognized by the rays, 
which show the very dark outlines of the exudation in contrast 
to the light shade of that intrathoracic area that contains air. 
The dark boundary line of the exudation can be recognized by 
the fluoroscope as an ascending and descending line during 
respiratory movements. 

46. Localization of bullets in the thoracic cavity is not always 
easy. The temptation to extract bullets that cause no disturb- 
ance has been greater than formerly, a fact that is not to be reg- 
istered among the advantages of the Roentgen rays. 

Nowhere is the necessity of careful interpretation of skiagraphs 
so apparent as in thoracic diseases. It is utterly impossible to 
instruct a non-medical skiagrapher and to impress upon him 
the necessity of emphasizing certain points. If the physician 
does this work himself, he will be able to judge much better. 
But even then a great deal of doubt as to the real nature of an 
abnormal shade may exist. The scientific physician must 
never be tempted to tax his power of imagination, but must base 
his diagnosis on all the methods at his command, of which the 
Roentgen rays, however, form an integral part 



ABDOMEN. 

47. The abcloinen is best fluoroscoped while the patient 
stiuids, and is skiagraphed easiest and best in the al)doniinal or 
dorsal position. The study of the abdominal organs, however, 
leaves much to be desired. The solid mass of the liver can 
be easily rei>resented, while intestinal loops are only some- 
times well shown. The intestinal contents, esi)ecially those 
of the transverse colon, are recognizable. The outlines of the 
stomach can be made visible by 8ul)stances ini permeable by 
the rays. The Bi)leen and kidneys are rarely demonj^trated at 
the screen, but can l)e outlined l)y skiagraphy. Below the 
.sliade of the liver, especially of its left lobe, the lower ribs are 
markedly seen. The triangular shade of the psoas muscle, 
from the beginning of the twelfth dorsal vertebra, is always 
easily recognized. 
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48. Principal Beneflls of Abtlomlnal Skiagraphy. 

. The main practical benefits in abdominal skiagraphy biiveso far 
lieeii derived from tbe representation of the injuries and diseases 

[ of the lumbar vertebra', and of concretions and foreign 
liodiefi. Thus fractures, dislocations, inflammatory processeB, 
and growths of the lumbar vertebrro can he diagnosed as well as 
calculi of the kidneys, ureters, bladder, prostate, urethra, gall- 
bladder, and the hepatic ducts. 

49. Bklngraphlnic the Liver. — The liver is best rep- 
resented in the abdominal posture. In new-born children its 
shade is especially well pronounced. The position, size, and 
shape may give valuable information in many obscure hepatic 
ailments. 

The diagnosis of subphrenic abacws is simplified by fluoroscopy 
as well as by skiagraphy, the space between the diaphragm and 
the lower boundary hnes of the abscess showing distinctly. 

50. Total trarisposilion of thi viscera was well represented in 
Annals of Surgery, May, 1899. Never before has chotecys- 
totomy for cholelithiasis been performeil on the left side, as it 
was done in this remarkable instance. The greatest usefulness 
of the rays in hepatic diseases is, however, displayed in the 
recognition of cholelithiasis. 

51. SklHKmpblnB: Gall-stones. — Oall-stones could not 
I be skiagraphed until recently. It was our privilege to show 
K(be first undisputed skiagraph of gall-stones in the living 

lubject at the October meeting of the New York County 
Medical Association, in 1899. Gocht, Oberst, Rumpf, Dum- 
tUtvy, and Metzger, who are among the best known experts 
n skiagraphy, declared until recently that biliary calculi could 
, be represented. The last-named is even responsible for 
) bold assertion thai "nowadays nobody will any longer 
intain that gall-stones can be skiagraphed " ; that "all 
Bperiments in this direction have proved to l>e failures" j and 
"it appears hopeless that such experiments will give 
Wy other result in the future." But crrare fiumanum est! 
c After many trying disappointments, we succm'ded for the 
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first time in skiagraphing the cholelithiasis of a woman 
72 years of age, after having used four different photographic 
plates at the same time. The upper plate, situated directly 
below the region of the gall-bladder, clearly showed the out- 
lines of the liver, while in the fourth and most remote plate 
it appeared only faintly, but the calculi were clearly repre- 
sented. The next exi>osure was made with a powerful tube 
on a single plate, and lasted 10 minutes. After it Was found 
how long it took with this tube to represent the liver and 
the OS ilii, a second plate was exposed, this time for 6 minutes 
only. This second skiagraph showed the denser tissues less 
clearly, while the calculi were much more distinct. An 
exposure lasting 7 minutes, one for 8 minutes, and one for 
9 minutes were also made, all showing that the longer the 
time of exposure, the clearer the denser tissues and the more 
obscure the calculi appeared. It thus became evident that one 
exposure was not sufficient to determine the length of time 
reciuired by each individual tube for the representation of each 
individual gall-stone type. This suggested that a test should 
be made first by making a short, as well as a long, exposure 
in a case of suspw^ted cliolelithiasis; that is, an exposure of 
about 4 minutes, as well as one of 9 or 10 minutes. The 
most powerful tul)e8 at j)re.sent attainable should be chosen 
for this purpo.so. Hy comparing the results, the proper time 
of ex})osurc for tho best results can be estimated. For better 
identificatituj, tlie (u)ntours of the organs, especially the liver, 
should be outlined by tliin wire attached to the plate before 
the final skiagraph is taken. 

52. The results, of course, are to a great extent dependent 
on the chemical composition of the Inliary calculi, which is far 
more complex than those in the urinary tract. All the dilTerent 
types of calculi can be skiagraphed on a photographic plate. In 
this way we ()])tain a visual comparison of their j)ernicability. 
The same calculi can then be irradiated through the living body, 
thus i)ractically demonstrating the difference in translucence. 
The conunon biliary cal(!uli, the most frequent type, are found 
to be (luite permeable to the rays, and therefore produce only 
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a light shade. If present in large numbers, the shade is 
somewhat more conspicuous. Calculi composed of pure 
chcilesterin are less permeable than the common type and 
show a slightly more distinct shade. 

The stratified diolesterin calculi, on account of their admix- 
ture with calcium, show much less permeability, and therefore 
produce a distinct skiagraph. The mixed bilirubin calculi, 
which, besides biliru bin-calcium, contain traces of copper and 
iron, are less permeable than all the former varieties and conse- 
quently give a very distinct shade. The same applies to the 
pure biliru bin-calcium calculi. 

Calculi com[X)sed of pure cholesterin, on account of their 
mixture of calcium, show less permeability by the rays. In 
consequence, their outlines can be nearly aa distinctly shown as 
those of the bilirubin-calciam calculi. But with an excellent 
tube, even the more translucent calculi can be represented. 
Recently, calculi that were only the size of a pin-head were 
shown in the gall-bladder. Calculi of the hejiatlc ducts were 
also represented. 



TUBES USED. 

53. Selecting the Tubes. — These reaulls, which could, 
formerly, hardly have been hoped for, are attributed mainly to 
the excellent qualities of the tubes used and their careful selec- 
tion. They must be carefully studied, individualized, bo to 
tfpeak, as different patients are tti be judged differently although 
BufFering from the same disease. 

The most important requisite for skiagraphic success in such 
delicate work is a strongly built and powerful tube, one that 
will beat a IS-inch spark for about 5 minutes without becom- 
ing too hot. 

Another important requirement of euch tubes is that Uiey 
be of medium hardness, 8o as to permeate the soft tissues 
without penetrating the dense tissues, A tube useful for that 
purpose can best he tested by the operator's own hand. In 
fact the hand is a better indicator than any artificial skiameter, 
ftfi it contains many ty|>es of Ijones. from the massive carpal end 
of the radius, to the delicate third phalanx ol the little finger. 
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If the bones of the operator's wrist, especially the lower 
radial epiphysis, appear grayish -black, but still as well-defined 
structures, while the soft tissues show but lightly, the tube is 
fit for a fair production of biliary calculi. 

It has been found that the tubes used for the reproduction 
of biliary calculi display their energy only so long as they are 
comparatively new. Later on, they show less contrast, just 
like very hard tubes, even if provided with an attachment for 
regeneration. 

54. Time of Exposure. — If the tube works well from 
the beginning, the time of exposure should be about 5 minutes 
in thin individuals and al)out 7 in stout ones, provided 
Cramer's, Carbutt's, or Sehleussner's j)lates are chosen. The 
best results were obtained from the 8" X 10" Cramer plates. 

55. Position of Patient.— The position of the patient 
while being skiagraphed is also an important factor. He 
should lie on his abdomen with about three j)illows under- 
neath his clavicles, as the elevation produced permits the pro- 
trusion of the gall-bladder, thus bringing the calculi nearer 
the photographic plate. The approximation is increased by 
turning the body slightly to the right and raising the left side. 

56. Direction of the Rays. — Another point of impor- 
tance is, that the rays should not penetrate the abdomen in a 
vertical direction, but from the side, so that the thick and 
less transparent tissue of the liver is not permeated in its 
whole diameter. The direction of the rays should be such that 
they form an angle of about 70° with the plate. The nearer 
the tube is to the plate the more distinct will be the picture. 
As only a small area shows distinctly on the plate, great care 
must be taken to place the tube in tlie proper direction. A 
pencil mark should b(^ made on the back to correspond to the 
site of tlie pill-l>ln(lder in froiit. 

Hie disadvantage of oblique irradiation is that the calculi 
appear nearly twice as large as their normal Aav. When a 
j)rotrusi()n palpable in the region ()f the K^H-bladder indicates 
that it prnjccls from the liver, direct irradiation is to be ]>re- 
ferred, which magnifies to about 30 per cent. In order to 
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exclude any possible source of error from intesUnal conteals, 
the bowels must be thoroughly evacuated before irradiation. 
Uy using this method, nnt only can the size, shape, and 
diameter of the gall-stones l>e determined in suitable casee, but 
thej' can also be Ioi<alized. The importance of knowing whether 
there are also calculi in the liver besides those present in the 
gall-bladder, needs no discussion. 

57. Caleull in the Llver-TIssue. — The presence of 
calculi in the liver-tissue explains why cholelithiasis is often 
only partially cured by cholecystotomy. This fact shows why 
calculi have sometimes surprised the surgeon, who has thoroughly 
evacuated the gall-bladder, by their appearance a few days after 
cholecystotomy. That in cholehthiasis sometimes hundreds of 
calculi are contained hy the hepatic ducts is a well-known fact, 
but why calculi appeared after cholecystotomy has heretofore 
been ascertained only from tlie autopsy table. 

58. It is evident that a positive skiagraph renders explora- 
tory laparotomy for suspected cholelithiasis unnecessary. It 
can be ascertained by subsequent exposures whether any calculi 
have lieen dislodged or whether some have escaped. If they are 
of very lai^e size, their removal by any other than a surgical 
way would, of course, not be expected. So the question of 
whether or not an operation is advisable in cholelithiasis may 
bo settled by the Roentgen rays. When only small stones are 
present, there is a chance for medical treatment. When stones 
are found too large to pass the common duct, medical treat- 
ment can only be of a palliative character, and cholecystotomy 
should he performed as soon as the calculi prove to be a source 
of irritation. 

A woman, age 73 years, whose calculi were skiagraphed 18 
months ago, was reexamined recently. Three skiagraphs, 
taken at dlEferent times and in different positions, showed a 
Dilative result. The patient hud submitted to diet and the 
TC^lar administration of Karlsbad Muehlbrunn for more than 
ft year, and the result was that the tumor in the region of the 
gall-bladder had disappeared. Her general condition had also 
improved accordingly and no colicky attacks were noted during 



24 PRACTICAL APPLICATIONS § 15 

the last 18 months. One may feel justified in believing that 
the negative skiagraph confirmed the impression that the stones 
had passed away. 

59. Diagnosing: Biliary Calculi. — It is appreciated that 
the method given for diagnosing biliary calculi is incomplete 
and needs further modification and improvement, as there are 
many delicate technical details on the correct appreciation of 
which success depends. Skiagraphy of biliary calculi is 
not so perfect a method as that of renal, ureteric, and 
vesical calculi. While a negative result, in the case of the 
suspected renal calculi, can now pretty safely be taken as the 
evidence of the absence of calculi, the same cannot yet be said 
of biliary calculi. 

But, on the other hand, it can safely be asserted that even a 
faint skiagraphic reproduction of biliary calculi proves their 
presence to the expert reader. We feel confident that with 
increased knowledge and improved technique, the skiagraphic 
reproduction of biliary calculi will soon prove to have become 
a reliable method. 

The outlines of the gall-bladder are often shown if there is 
cholelithiasis. On account of the long-continued irritation, the 
bladder walls become thick and fibrous and consequently less 
permeable to the rays. 

60. Skiagraph! ng Kidneys In Dorsal Position. — The 

kidneys must he skiagraphed in the dorsal position. Tubes of 
moderate hardness are best for their skiagraphic representation; 
very hard tubes penetrate the organs and leave no shade. 
Renal tiuoroscopy cannot be relied on with our present means. 
Hydronephrosis and echinococcus can be represented under 
favorable circumstances. * The greatest usefulness of the rays in 
renal disease, however, is displayed in diagnosticating ronnrtioyis, 
(Ireat credit is (hie to Maclntyre for liaving iirst skiau^raphed a 
renal calculus. Soon afterwards Twain, Tliyne, and Kiimniell, 
besides ourselves, obtained distinct skiagraphic rc^presentations 
of nephrolithiasis. 

At first it was thought that only such calculi could be re]>- 
resented as consisted of hard and firm material, like oxalates, 
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while the more penetrable urates teFt an indifitincl sbaduw, 
and the tranelucent phosphatea hardly showed at all. Thua 
the success uf iskiagraphy in calculi of the urinary tract 
seemed to depend only on the different chemical composition 
of the calculi, and, consequently, on their greater or leBser 
opacuty. Now, with the new powerful tubes, more or less 
opaque shadows of the three different varieties can be obtained. 
The beautiful work of Abbe, Bevan, and Leonard, all of this 
country, furnishes a striking illustration of the immense pro- 
gress of the voung science in the short space of a few years. 

61. Technique of HklaKrapby^ of Concretions of the 
Urinary Tracts. — As to the technique of the skiagraphy of 
renal concretions many of the principles emphasized in connec- 
tion with gall-stones hold good. In regard to their chemical 
composition, it should be remembered that a calculus may 
consist of different salts. In a case of Lauenstein, the nucleus 
of a renal calculuy consisted of calcium carbonate, ita branches 
of a combination of calcium carbonate and triphosphate, and 
the outer crystal lin layer of carbonate of magnesia and 
ammonia. 

Under such circumstances, the nucleus would be more 
marked if a lube of moderate hardness is used, while the 
branches would be more conspicuous if a softer one was 
employed. As a rule, tubes should be chosen that are slightly 
softer than those used for ski.i);raphiug biliary calculi. In 
other words, they should show the carpal epiphysis of the 
operator's radius very dark gray. 

The time of exposure should be 6 minutes in thin, and about 
9 minutes in stout, individuals. A good skiagraphic represen- 
tation of nephrolithiasis renders an exploratory incision unnecee- 
Bftry, It will naturally settle the question of the presence or 
the absence of concretions absolutely. In case an operation is 
indicated, it will also give valuable hints as to the technique. 

62. Nephrol It hi aal 8. — While skiagraphing suspected 
cholelithiasis, a negative result cannot be relied on; a good akia- 
grapbic plate that does not show the presence of renal calculi, 
may safely !» regarded conclusive. The characteristics of a 
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reliable renal skiagraph are that it shows the outlines of the 
kidney distinctly. And, if the renal outlines show distinctly, 
a calculus contained by them would necessarily also leave its 
shade on the plate, because it is less permeable to the rays than 
is the renal tissue. 

Regarding the high mortality of nephrolithiasis at a late 
stage, it becomes evident how many lives will be saved by early 
operation. But this is possible only by early recognition of the 
calculi and the only method that permits this is skiagraphy. 

In interpreting skiagraphs taken for suspected nephrolithiasis, 
it should be borne in mind that under extraordinary circum- 
stances biliary calculi may be taken for renal calculi. It may 
be said, however, that, as a rule, the shape of the biliary calculi 
is different from that of the renal; they are also located higher 
up and do not show as clearly from the back as they do from the 
front. Of course, in those cases where the shape of the kidney 
is well niarked, the shade of the renal calculus will hardly be 
misinterpreted. In a case of doubt, a lateral exposure will 
show a renal calculus in the back, while the gall-stones 
would appear in front. The clinical symptoms should also 
be properly considered before conclusions are drawn. Just as 
in cholelithiasis, the skiagraphic proof of the presence of small 
calculi shows that there is a great chance for medical treatment, 
while the removal of large calculi cannot be expected by any 
other than surgical means. The distance of the tube from the 
plate in skiagraphic representations of the kidney should be 
about 50 centimeters. 

63. Ureteral and Vesical Calculi. — Ureteral and vesi- 
cal calculi can be ekiagraphed after the same principles. Diffi- 
culties arise only in stout indiviiluals. A vesical calculus 
shows best in the al)dominal position the center of tlic tube to 
be directed to tlie upper niarpn of the sympliysis pubis. Any 
vesical calculus, be it ever so small, will surely bc^ evident on a 
good skiagraph. A lateral exposure should always b(^ made 
besides, because it shows whether the stone is free or eiicysled. 
If the patient ])ends slightly forwards in the lateral position, 
the calculus, if free, sinks towards the anterior vesical wall and 
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becomes conspicuous directly behind the abdominal wall. If 
not, it usually shows far back toward the sacrum, since encysted 
calculi are nearly always attachetl to the posterior vesical wall. 
If very large stones or a large number of them are present, the 
whole space, of course, is filled up and displacement is not apt 
to occur. 

In a. boy of 6 years, who, besides frequent micturition, did 
not present any signs of vesical calculus, the stone-searcher did 
not reveal the presence of a calculus, while Ihe skiagraph, 
although the rcstlosa patient had moved considerably during 
examination, showed a calculus 2 inches in length and J inch 
in diameter. The spinal column, the sacrum, ileum, and 
pubes appeared much distorted, and the vesical calculus pro- 
duced less shades of the calculus, but even this poor skiagraph 
proved to be correct at the subsetiuent extraction of the cal- 
culus, done at St. Mark's Hospital. The skiagraph, taken in 
the lateral po.sition, showed the calculus far hack near the 
sacrum; thus its tight attachment to the posterior bladder-wall 
was anticipatetl, Superpubic cystotomy proved the calculus to 
be deeply imbedded, tJie mucous membrane of the bladder 
surrounding it nearly, so that its removal was associated with 
technical difficulties. The stone consisted of oxalate of lime. 
The patient made a good recovery. 

As far OS the diagnosis of the number, shape, and position of 
vesical calculi is concerned. Roentgen rays are a much more 
valuable support than the cystoscope. The lime of exposure 
should be alxiut 5 minutes. A medium lube is best choaen. 

Plate IX represents the case of a. lad of II years who suffered 
from the diaracterislic colicky pains of nephrolithiasis, the 
seat of maximum intensity shifting downwards in the direction 
of the ureters. 



64. Foreign Bodies In the Abdomen. — Foreign bodies 
in the abdomen are, of course, easily demonstrated. As 
modern surgery makes immediate laparot'imy imperative in all 
bullet wounds of the abdomen, it may be realized how impor- 
tant iB skiagrapliic localization. Tacks and needles can be 
easily localiKed. The popularity of the Murphy button gives 
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frequent opportunities to observe its chjiracteristic shadow while 
it travels through the intestinal tract. 

65. Tumors of the Stomach. — Tumors of the stomach 
are representable according to their d^ree of density. The 
outlines can he mapf»ed out. if the stomach is filled with 
salts that are impermeable to the rays — subnitrate of bismuth, 
for instance. We, however, prefer the introduction of a soft- 
rubber tube, the lumen of which is filled with mercury. Of 
course, in a tube of this kind an eve must not be cut out A 

m 

rubber tube containing a thin, flexible-steel wire in a spiral 
form permits the rapid representation of the outlines of the 
stomach. The stoppage of this tube indicates its arrival at the 
large curvature of the stomach, and further propulsion shifts 
alongside its wall. There the steel s]»iral is easily shown by 
the skiagraph. 

Inflation of the stomach bv carbonic acid, bv air. and a mix- 
ture of tartaric acid and bicarbonate of soila, have also been 
used to determine its outlines. The large and small curvatures, 
as well as the cardia, can thus be represented. The infantile 
stomach Ls especially fit for skiagraphic representation. In 
selected cases, the relations, especially the motions of the 
spiral wire, are to be studied by the aid of the screen. Tubes 
of medium hardness should he chosen. 

66. The principleis of diagnosticating injuries of the lumbar 
vertebra- are essHiitiaily the same as those governing the injuries 
of the dorsal vertebra- Cs^^e Art. 21). 

67. J>la^no«lii«r Spina Billdu. — The diagnosis of the 
variou.s ty[)es of spina bifida havf also been siniplitietl bv the rays. 
It wa.s <<»iiifftinies inip«><sibl*- in liitTtTenliatf simple niening4»cele, 
niyejfinieiiingocele, and niyt'l.Kysl'»eelo. Espirially, the ilis- 
liiK'li^»n h«.*twrren nieningooele and inyeluoysttH-olt' has been 
^'f-n^.-rally imiH'Ssil'le. Ci»nsideriij^' only tlio i.n«- |M»int thai in 
nieiiin^^o<!ele a.-pirati-m -hould he tried tirst. wliilo in ilie •►ther 
varielie.- extirpation nuist be restarted to, the in.p<»rtaiKe of ilie 
(jiit'Slion is self-eviilent. The skiairraph i.ow s!i..ws, with 
a^i^ohite distinctness, whether .-r in»t ilieri- is ;iP. ..pn.ii;:; ii. tin- 
S[..inal e«»lunin; it shows, al>o. xhr preMiue ur ahsriice «.i liio 
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nerve substance, and, sometimes, even ite expanajon in the sac 
Li those rare cases in wliicli the presenee of fibromyoma is in i 
question, it is the skiagrapb that gives the needed information. 
Plate X. I 

G8. The uaefwInesB of the Roentgen rays iu gynecology is ' 
still limited. Many trials have been made to obtain representa^ 
tions of the uterus, but they have always given unsatisfactory 
results. In a few instances, the gravid uterus and the faint 
outlines of the fetus could be detected. 

69. Obstetrics. — In obstetrics the advantages are greater, 
the important questions hinging on the condition of the pelvis, 
which permits of the representation of many types of pathologi- 
cal change. Symmetry and aaymmetry of the pelvis, ankylosis, 
changes in the iliosacral joint and the length of the various 
pelvic diameters can be well shown. In the case of a woman, 
age 22 years, shown in Plate XI, the rachitic pelvis showed an 
elliptic shape, which explained fully why she could never be ' 
confined in a normal way. A successful Caesarian section has 
been performed on her. 

If the exposures are made strictly under the same condi- 
tions^the same distance of the tube from the plate, in the exact 
perpendicular direction — the measures of the conjugata vera, the 
introitus pelvis, and the transverse diameters can also be relied on. 

After eymphi/seoUmy it can be ascertained whether there has 
remained any diastasis of the pubic hones. In case there is 
proof of the existence of considerable diastasis, a second 
operation may be avoided. 



PELTIS AND LOWER EXTKEMITT. 

70. The pelvis is usually skiagraphed in the abdominal, 
dorsal, and lateral (position. Fluoroscopy of the pelvis is but 
rarely indicated. Irradiation takes place beet in the perpen- 
dicular direction, the tube being as near as possible and the 
symphysis ordinarily being regarded as the center. A dorsal, 
as well as an abdominal exposure, is necessary, as a rule. The 
l>e8t position of the body is when the legs are slightly inverted, 
heavy sand-l>agB aupportiug tliem. In the abdominal position. 
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the dorsum pedis must also be supported by a sand-bag. 
Fractures of the pelvis can be easily recognized, and by the 
location of displaced splinters a conclusion can be drawn of 
injuries of the intrapelvic organs. Plate XII represents a lad of 
12 years that was run over by a heavy wagon, which resulted 
in distortion of the ankle and fracture of the ilium near 
the saCro-iliac synchondrosis. The protruding fragment could 
be felt by rectal palpation and under the guidance of the 
rays could be properly reduced. (Plate XII has been omitted 
from this edition.) 

Tl« In exstrophy of the bladder the skiagrapher may succeed 
in demonstrating the extent of the symphyseal gap. After 
plastic operations the course can be controlled and the result 
studied by skiagraphic observation. 

In a case of exstrophy of the bladder the diastasis of the 
pubic bones could be well demonstrated. Take the case of the 
skiagraph demonstrated before the surgical section of the New 
York Academy of Medicine, March 11, 1901. 

72. In the treatment of congenital dislocation of the Aip, the 
skiagraph will determine what method of treatment should be 
chosen, as it reveals the relation between the femur and the 
acetabulum. If the condition of the latter be unfavorable, 
bloodless reduction will be impossible, and a cutting operation 
must be performed. The skiagraph will also show whether 
reduction of a dislocated hip is successful or not. It is true 
that after perfect reduction the head of the femur can be felt 
between the spine and the symphysis in the majority of cases, 
and also* that the characteristic noise can be perceived while the 
head is jumping over the margin of the acetabulum. But, on 
the other hand, it cannot be denied that the noise is often 
indi^itinct, and that the thickness of the muscles oftimes impairs 
our judgment, so that it is the skiagraph that gives indisputable 
information. lMat«_' XIII sliows congenital dislocation of both 
hips in a girl of 12 years. The skiagraph proves the moderate 
extent of the dislocation, which justified conservative measures; 
viz., l)loo(lloss re(lu(ti<ai. This was done imder anesthesia and 
the result, after a yearns treatment, is entirely satisfactory. 
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73. At the early stage of inflammaUm/ proeesies in the hip- 
joint a correct diagnosis ia of the utmost importance. In 
doubtful cases the raya will determine whether simple, trau- 
matic, or tubercular coxitis is present In view of the great 
difTerence of treatment, the immense importance of a positive 
diagnosis is evident. It is advisable to skiagraph both hips 
so that the healthy and the diseased side can be compared. 

In a normal hip-joint there is a regular semicircular light 
area between the femoral head and the acetabulum, while in a 
tubercular hip the articular outlines, instead of l>eing regular 
and marked, are irregular and diffuse. Slight iJ^jections of 
the femoral head are often found at an early stage and indicate 
the presence offungous granulations. Later on, cheesy foci 
in the acetabulum, the head, the neck, and the trochanter major 
are often detected. 

Such proceBses must be differentiated from osteomyeliticfoci, 
which originated within the bone and gradually entered into 
the joint. That they must be differently viewed. is self-evident. 

After the healing process is completed, the degree of atrophy 
of the femur or ankylosis can be well studied. 

74. Arthritis Deformans Coxre. — Arthritis deformans 
coxa; is characterized by the skiagraphic representation of 
osseous proliferations from the articular outhnes o( the head of 
the femur, the shape of which sometimes reminds one of a 
papilloma. 

75. Fractures of Femur. — It is acknowledged that, in 
differentiating between fracture of the acttaliular jiiarffin of Ihe 
neck of the femtir and dislocation and contiutiuti tif l/ie htp, 
grave errors were committed by the best surgical authorities. 
The Roentgen rays have caused these embarrassing errora to 
disappear. Especially has the fracture of the acetabular margin, 
with its bad functional prognosis, been repeatedly observed, 
and in some of the instances the diagnosis was not made 
until the rays were used. On the strength of our more reliable 
information we were able to reinow acetabular splintera 
with safety, thus restoring functional ability, in two instances. 
The rays have also shown that a sharp line of distinctioD 
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between intra- and extracapsular fracture of the neck of the femur 
cannot be drawn, and that in the so-called extracapsular variety 
the fracture line generally extends in the intracapsular region; 
and vice versa, that in intracapsular fracture the fracture line 
often extends somewhat outside the joint. The principles of the 
treatment must be modified accordingly. Plate XIV shows 
a fracture of the neck of the femur in a girl of 14 years. 
The fragments being slightly impacted, crepitus could not be 
produced. Thus the diagnosis would, to the great detriment 
of the patient, have been imperfect had the rays not disclosed 
the true character of the injury and enabled us to correct the 
faulty position. 

The skiagraphic proof of the presence of impaction implies 
the omission of any manipulations, and suggests inimediate 
immobilization in the impacted position. The diagnosis of 
isolated fracture of the trochanter major will no longer be con- 
foundeil with contusion. 

Plate XV shows malunion in the middle of the femur of a 
woman of 26 years. The ends of the fragments became united 
in juxtaposition, which caused, shortening of the lower extrem- 
ity to the extent of 3 inches. It is needless to say that grave 
functional disturbances followeil the injury, which was sus- 
taineil 2 years before the skiagraph was taken. 

In fractures of the diaphyfiin of the femur, which sometimes 
show an enormous tendency to displacement, skiagraphy should 
always be used after the application of the immobilization 
dressing in order to ascertain whether re|X)sition is perfect. It is 
only tlius that a union in a deformed |)08ition can surely be pre- 
vented. Plate XVI sliows the fragments of the fractured femur 
in ^0(k1 opposition. At tlie same time an enormous amount of 
callus is evident from the skiagraph. Palpation alone might 
have mistaken the prominent callus masses for the protruding 
ends of the fragments. As to the ditTorential diagnosis between 
osteiunyelitis, osteosarcoma, antl aneurism, etc. compare Arts. 

i;{Oto 152. 

7({. A good skiagraph ot the knee-joint illustrates its ana- 
tomic relations hetter than any of the beautiful illustrations in 
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the textbooks of anatomy, since they are not depicted from lite. 
Being the frequent seat of simple aa well as of traumatic and 
tubercular inflammations, it ofTers many indications for skia- 
graphic differentiation. Recognition of the various injuries of 
the knee-joint has become much easier, since we are a;ble to 
show even a displacement of one of the menisci tibite. Floating 
bodies in the knee can also he distinctly located. While the 
diagnosis of a fracture of the patella by the ordinary method 
is easy, as a rule, there are instances where contusion or 
impaction was assumed, but the skiagraph revealed the 
presence of multiple fractures. It must he borne in mind 
that the popHteal space often shows a well-defined shade that 
might be mistaken for a bone fragment or a foreign body, but 
which, in reality, is a normal sesavioid of the Minitendinosua 
miiscU. This sesamoid is found in about 8 per cent, of 
subjects examined. 

Differentiation between bony and fibroue ankylosit ie now 
easy. This is most important, since bony ankylosis can only 
be remedied by separation by the means of a chisel, while in 
fibrous ankylosis forcible motions can be reeorted to. 

77. Taberculosls of the Knee. — In tuberculosis of the 
knee the healing process can be controlled by the rays after 
resection as well as after the injection of iodoform ether. While 
a normal knee-joint shows marked regularity of the outlines of 
the articular surfaces, the contours of a tubercular knee appear 
irregular and diffuse. Later on, when cheesy foci have formed, 
their areas become translucent. The cartilage is sometimes 
entirely destroyed and shows no shadow. Plate XVII shows 
the tubercular knee-joint of a boy of S years who was treated 
by a Christian Scientist for 2 years with the result that the car- 
tilages were almost entirely "destroyed, so that backward dis- 
location occurred. The patient had been under our treatment 
at an early stage of the disease, when conservative treatment 
would most likely have been successful. But the course of 
treatment appeared too alow for the parents. When they 
returned after 2 years it was impossible to treat the 'case by 
any other than radical operative means. 
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78. Forelgrn Bodies In the Knee. — No attempt should be 
made to remove a foreign body before its skiagraphic evidence is 
furnished. Plate XVIII illustrates the case of a man of 20 years 
that was shot in the middle of the right femur. The patient 
suffered considerable pain along the thigh and demanded the 
immediate removal of the 1)ullet. It seems pardonable in this 
case that the family physician should attempt to extract the 
bullet without the aid of the Roentgen rays. But the punish- 
ment was great. Although the soft tissues were exposed to a 
great extent from the middle of the thigh down to the knee, 
the bullet could not be found after a few hours searching. 
When a skiagraph was taken the bullet was located in the 
knee-joint near the popliteal space. Extraction could then be 
performed in a few minutes, a small incision having proved to 
be sufficient for the purpose. While there was no reaction 
within the knee-joint, the patient had to suffer for weeks from 
the large gaping wound of his thigh, the result of the futile 
searching. 

It is a deplorable fact that this modus operandi is still prac- 
ticed, not only among the general practitioners, but even 
among surgical specialists. 

79. By realizing iheii fractures of the leg constitute about 16 
per cent, of all fractures and that they show a great tendency 
to displacement, the importance of the Roentgen rays as a con- 
trolling means during treatment becomes evident at once. Plate 
XIX shows an oblique fracture of the tibia on a boy of 10 years. 
The slight backward displacement of the lower til)ial fragment 
caused a small gap at the anterior portion of the astragalo-tibial 
junction, which, to the uneducated eye, might appear as a 
subluxation of the astragalus. But the relations within the 
tarsal bones are entirely norniiil, the gap ht-iwcen the astragalus 
and calcaneuni reprt'.sentiiig the infantilo osseous state. 

The pn'soiice and rxtrnt of (h<ttvni',(lif/.-<, so fr«-quently found 
in the tihia, can ix* diagnosed hy the rays, tlu? f(KHis always 
appearing will marked. The rase and stvurity with whicli 
these operative pn^vdures can he oarrinl out under the control 
of the rays cannot be emphasized too much. Formerly it was 
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deemed advieable to chisel up the wbole length of the bone in 
order to be sure that every possible focus was really reached. 
Now the skiagraph shows even the length of the incision that is 
necessary for a thorough removal. See Arts, 132 and 133. 



80. In maiunion, osteotomy ie simplified by the rays, The 
arrest of growth of the tibia after operations for necrosis can bo 
well studied. Rachilin and tuberculosis also offer a wide field for 
study in this region. 

Osseous exists at the upper S8 well as the lower end of the tibial 
epipbyaitt are of not infrequent occurrence. They are con- 
founded sometimes with osteosarcoma, a most unfortunate acci- 
dent, indeed, since it frequently means minecessary amputation. 

From a skiagraphic study of a series of osteosarcomas to be 
spoken of in detail later (Art. 137), one feels justified in saying 
that in osteogarcoma the outlines of the bone are always more or 
less abnormal and indefinite, some areas even appearing entirely 
translucent; wliilc in oeseous cysts the cortex appeare thin and 
narrow, but well marked and regular. The fluid center of the 
bone is entirely translucent, the light shade showing the same 
r^ularity. The adjacent epiphyses are normal. 

It is especially the regularity of the texture of the walls of 
the cavity, as they appear on the skiagraph, that seem to be the 
characteristic skiagraphic feature uf osseous cysts in contradis- 
tinction to the irregular texture of osteosarcoma. As to further 
differentiation, it may be added that the \-icinity of an epiphysis 
is also in favor of osseous cyst for obvious histological reasons. 

In a case of osseous cyst of the. tibia presented to the surgi- 
cal section of the New York Academy of Medicine, March II, 
1901, the skiagraph revealed the presence of a large triangular 
shade, the base of which corresponded to the epiphysial line. 
The triangle was surrounded by a narrow, dark, and regularly 
arranged shade that represented the distended, but otherwise 
normal, cortex of the tibia. The light shade was interpreted as 
a cavity, presumably containing a fluid of some kind. The 
normal outlines of the fibula could be distinctly recognized 
through the light area, although the inner surface of the leg 
rested on the photographic plate. 
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The marked regularity of the texture of the cortex, as well as 
the uniformity of the light shade representing the cavity, 
showed that osteosarcoma was not present in this case, where- 
fore a conservative operation was advised, which was performed 
with a most gratifying result. 

8 1 • Ankle-joint. — The ankle-joint and its vicinity are fre- 
quently the seat of injuries and diseases of various kinds. The 
history of the faulty diagnosis in this region would fill many 
volumes. Nowadays, diflferentiation between fracture, disloca- 
tion, distortion, contusion, and last, but not least, inflammatory 
processes, is easy. Plate XX shows a fracture of the external 
malleolus in a woman of 40 years. The fragment being dis- 
placed far backwards, it is evident that the rela^tions in the arch 
of the ankle-joint were greatly disturbed. The skiagraph 
indicates how far the fragment has to be pushed forwards. 
The healing process, after operation for pes equiho- varus and 
valgus, can be easily studied and influenced accordingly. 
Most cases of so-called distortion prove to be fractures pure and 
simple when looked at by means of the ** Roentgen eye-glass." 
Sometimes very small splinters are represented which are 
severed from the bone surface. They are naturally imbedded 
in bloody eflFusion, which prevents their recognition by palpa- 
tion, so that naturally the diagnosis ** sprain*' is made. 
Massage can seldom be borne by the patient, because the 
friction causeiby this treatment presses the sharp bone splinters 
forcibly against the injured hone. The patient will, on the 
other hand, l)e comfortable if treated after the general principles 
of fracture treatment, i. e., immobilization. 

If there are no little bone fragments, but only a hematoma 
from lacerated tissue, then, of course, massage is the treatment 
par excellence, and immobilization means unnecessary delay. 

82, Fractures of the (istnyjdbui and adnincum were often 
confounded with Pott's fracture, the linal surgical result, 
naturally, being very unsatisfactory. Minutt- anatomical 
knowledge is necessary to appreciate a skiagraph of these bones 
thoroughly. 

Plate XXI shows osteo-epiphysial separation oi the calcaneuin 
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ill a girl of 17 years. Great functional disturbance of the foot 1 
lieing present, a bone-injury waa thought of at once. The Brat 
exposure made while the planta pedis rested on the plate, 
revealed nothing abnormal. A second exposure, made while 
Ihe internal malleohis rested on the plate, showed the true 
condition indistinctly. The third exposure, also made laterally 
while the external malleolus rested on the plate, brought it 
(Hit very markedly. (See Art. 162 on False Interpretations.) 

How misleading the lack of such knowledge may become is . 
evident from the fact that the os intermedium cruris (ob trigonum I 
tarsi) has been mistaken for a fragment severed from the astrag- [ 
aius. This hone is a typical part of the tarsus of all mammalia, 
and its frequency is estimated at from 7 to 8 per cent. Shepherd, 
who mistotik this bone for a fractured fragment, says: "The 
fact that this fracture is not mentioned in any of the lestbooks I 
of surgery or in special treatises on fractures would easily be 
accounted for by its only being discovered by dissection; 
causes no deformity, and the symptoms it would cause during 
life would probably be obscure," The same author tried to 
produce this fracture, artificially, on the cadaver, but " 
every case," he says, "where this maneuver Was performed, I 
failed, even when the greatest forcewaa used, to break o£ 
tittle process of the bone mentioned above." Pfilzner regards 
the OS trigonum tarsi as an integral part of the posterior pro- , 
cess of the astragalus in the adult, which is analogous to the j 
OS intermedium antibrachti. 

The practical significance of this resurrected bone is evident \ 
from the case of a laborer, age 40 years, who said that he broke , 
his ankle by falling from a stairway. After 4 months' treat- 
ment in a mining district of Pennsylvania, be still complained 
of considerable pain in the ankle, the intensity of whicb I 
increased when he stepped on the foot. Limping was also 
present to a great extent. The protuberance of the left external 
malletilus, and the well-marked tenderness of tbiH region, 
[Kiinted to the fracture of the external malleolus united in a 
deformed jiosition. On the internal side but little swelling and 
considerable tenderness could be noted. A skiagraph taken in 
the anteroposterior direction with a slight lateral turn showed 
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a dehiscence to the extent of ^ centimeter on the external 
malleolar side. The gap was partially filled with callus. On 
the internal malleolar side the marked evidence of a separation 
of a small hone fragment could be seen, just as it is observed in 
Pott's fracture. It appeared to be displaced downwards to the 
extent of ^ centimeter and its upper surface looked so much 
like the lower surface of the internal malleolus that it seemed 
to be almost certain that the two surfaces belonged to each 
other and had only recently been separated by external nolence. 
Consequently, it was assumed that there was a typical case of 
Pott's fracture and that the i)ain in the sphere of the internal 
malleolus was due to the pressure caused by the displaced 
fragment. While considering its removal a second skiagraph 
in the lateral position was studied, in which the integrity of 
the internal malleolus was recognized. Now it became clear 
why tliere was no callus formation around the alleged bone 
fragment and why at the same time the connection ^'ith the 
astragalus was so close. By skiagraphing the healthy foot, a 
normal os trigonum tarsi was found. This showed that the 
patient had sustained a fibular fracture only, which became 
united in a deformed position, and that the alleged fragment, 
which had been so misleading at first exposure, represented the 
intact OS trigonum tarsi. Plate XXI shows the presence of an 
08 intermedium cruris. 

83. The isolated fractures of the other tarsal hones were 
seldom recognizefl in a living person prior to the discovery of 
the Roentgen rays. As to tlio best location of the foot, it may 
bo said that it is easily ski:i|:raplied in the direction of the 
(Inrsuni toward the planta pedis from tlie toes up to the upper 
third of the inetiitarsns. But further back the first and third 
(•uneif(;rm bones and the scaj)h()id ufTcr an obstarlc so that it 
is necessary, also, to skiagra])h tlio foot on tht^so portions 
transversely by bavinc: the oiit( r snrt'are rest on the plate. It 
is bv this nroeecliire onlv that tlie isolated shallows of the 
astrapihis, the calcaneiun, the os cuhoideinn, the S('a]>h(»i(i, ami 
the fourth and lifth metatarsal hones ean he distinetlv outlined 
so that false interjiretations ean he excluded. 
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84. How important the question of projection is, becomes 
evident when we consider that grave errors may sometimes 
occur even if all the preliminary conditions required tor a 
thorough understanding of the case seem to be fulfilled. 

A boy, age 4 years, while playing in the street, fell against 
an iron bar. Being unable to rise, he was picked up and 
carried to St. Mark's Hospital, where in the first instance 
moderate pain was noted beside the functional disturbance. 
There was neither any difference in level, nor any deformity, 
nor any shortening, nor the typical equinus position. A 
photograph taken 2 days after the injury only showed a very 
moderate and uniform swelling of the leg. Abnormal mobility 
and crepitation in accordance could be produced only by very 
rough manipulations. 

On the day following the injury two skiagraphs were made 
in different positions, one of them in the dorsal and the other 
in the lateral position. The one that had been skiagraphed by 
direct irradiation, the center of the platinum disk of the tube 
being perpendicular to the anterior surface of the leg, did not 
show the slightest indication of a fracture, while the one that 
represented the leg irradiated from the outer aspect of the tibia 
showed a marked line. The fracture presented the oblique 
type in the middle of the tibia, the fracture line running from 
below anteriorly to above posteriorly, the upper tapering frag- 
ment overlapping the lower end. No sideward displacement 
having been present, it can l>e understood why the rays reaching 
the long axis of the tibia in a vertical direction did not show 
the fracture line. A very slight change in position, when the 
inclination toward the fibular direction amounted to less than 
1 millimeter, brought out the fracture distinctly. 

Now, if, as is the custom in general, a skiagraph had been 
taken in the anteroposterior direction only, and if the manipu- 
lations made during the first examination were carried out as 
gently as they properly should be, the fracture might have been 
overlooked entirely. And if, in view of the local pain and 
tenderness, the swelling, and the functional disturbance, the pos- 
sibility of a fracture had been seriously considered, the skia- 
graph might have silenced the uneasy conscience. If the case 
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had been brought l)efore a jury, the expert might there, on the 
strength of the first skiagraph, have testilied in good faith that 
there was no fracture. This experience again teaches the 
necessity of adopting the principle of always taking at least 
two skigraphs in two different positions in all cases of sus{>ected 
fracture. 

I-#ately, however, with our improved tul>e8, we are able 
to represent the fracture line even in most cases of overlapping. 
Foreifjn fMnlies in the foot are often overlooked and a series of 
false conjectures is sometimes built on the ignorance of their 
presence. Plate XXII illustrates the case of a dwarf of 24 years, 
who was a round-trip patient in numerous clinics of New York 
City. He had a slight swelling on the outer aspect of his 
foot which was diagnosticated as periostitis, ostitis, osteoma, 
osteosarcoma, beginning tuberculosis, rheumatism, arthritis, 
syphilitic proliferation, badly united fracture, etc. Later on, 
amputation and exploratory incision had bei^n advised. After 
having suffered for 2 years he was ready to submit to anything 
which would relieve him from the pain he experienced while 
walking. The Roentgen rays cleare<l up the situation at once. 
Now he remembered^ that 2 years before, while sleeping on a 
lounge, he fell on the carpeted floor and noticed a sharp pain in 
his foot which he explained by the fall itself. The Rc^ntgen 
rays showcH.1 that he had fallen on a needle sticking out of the 
floor; romoving the needle, we are proud to say, cured his 
rheumatism, etc. at once. 



fuac:tvues of tiik metatarsus. 

85. It is generally accepted tbat tlie superficial location of 
th(* inftatdi'sid hf^iirii makes tln^ recojj^nition of tln.'ir fractures 
easy. Still, while this mav he true of the first and fifth niota- 
tarsi, on ac(M)unt of th«'ir aecrssihility, the' densr tendinous and 
ligamentous tissues overlwyinir the second, third, and fourth 
metatarsi are aj)t to veil the fracture-siirns within their traft. 
The difli<Miltv of dilTeriMitiation i.^ much i>:r«*at«'r, when, as is the 
rule, the fracture is asso<'iate(l with the injuries of th(i soft tis- 
sues which cause edema and swelling. 
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How often metatarBal traclure hae been overlooked can be 
estimated by the fact that, before the discovery of the Roentgen 
Taye, most cases of fracture of the second or third metalareuH 
were taken for a pathological change in the eoft tiaaues — in the 
German army known as "foot edema." It was reserved for the 
Roentgen rays to disclose that this much dreaded condition was 
a fracture pure and simple, and that it was produced by over- 
burdening the marching soldier. 

The textbooks treat metatarsal fracture as a stepchild, niogt 
of them saying that it would require neither detailed description 
nor any special mode of treatment. A few say that if there 
would he any displacement it would be toward the dorsum of 
the foot. Only Iloffa alludes to the possibility of plantar dis- 
placement also. But nowhere is reference made to the lateral 
displacement, which we regard as of no infrequent occurrence 
and also as an important complication, since it is always fol- 
lowed by considerable functional disturbance. The fact that 
the lateral displacement was never recognized before explains 
fully why efforts of reduction have neither been made nor 
advised; consequently, the fragments , left to themselves, whether 
in a general immobilizing dressing or not, unite in a deformed 
position, and bony enlargements, as well as functional disturb- 
ances, have been the result. The edematous feet of persons who 
must work hard, or must march, or stand on their feet during 
the whole day, furnish a striking illustration of the conse- 
quences of badly united metatarsal fractures, tta they are dis- 
closed at the present time by the Roentgen rays. It is obvious 
that the more accurate and various diagnosis that these rays 
enable us to make must also inspire different plans of treatment. 
Previous experiments have shown that metacarpal fragments are 
invariably held in place by elastic pressure. The same prin- 
ciples obviously apply to metatarsal fracture. 

For the fracture of a displaced metatarsal bone, two rubber 
drainage tubes of moderate size are chosen and lightly pressed 
into the adjoining interosseous spaces at the dorsum so thai 
they fill them to a certain extent. If two metatarsi are 
fractured, tliree drainage tubes are necessary, and so on. The 
tubes are kept in situ by stflpa of adhesive plaster; thus the 
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recurrence of the diBplaoement is absolutely prevented. Hie 
dorsum is then surrounded by a moss-splint^ a material that 
after being dipped in cold water adapts itself to the contours 
of the foot like a cast The whole is protected by a plaster- 
of-Paris dressing that reaches from the toes to the lower third 
of the leg. The patient remains in bed for about 10 days. 
Then an ambulatory grassing is applied after the prindpleB 
eluddated above. 

When skiagraphed through the plaster-of-Paris dressing, the 
formerly displaced fragments should be found in exact apposi- 
tion. If Qot^ the dressing must be reapplied in the correct 
position. There is no doubt that in pursuing these therapeutic 
principles, which are based on a correct anatomic diagnoeiSi 
allq^ metatarsalgia and similar ailments will become a very 
me affection. 

Plate XXIII represents the case of a man of 81 years who 
sustained a fracture of the lower epiphysial ends of the third 
and fourth and a fissure of the second metatarsus. While 
smoothing the asf^alt pavement on the street^ holding in his 
hand a bar that weighed 40 pounds, he was knocked down 
by a street engine coming behind, fadling forwards. While the 
second metatarsus shows only a slight sideward bending, the 
dentate fragment of the third metatarsus is markedly displaced 
outwardly. The lower fragment of the fourth metatarsus is 
not only displaced, but its external portion is also tightly 
pressed against the fifth metatarsophalangeal joint The patient 
was able to walk in 1 week in an ambulatory dressing and 
made an uneventful recovery. 

86. The semmaid below the head of the first metatarsus 
sometimes is fractured by direct violence, a fact that was also 
never before recognized. The various osseous changes of the 
foot in acromegaly are an interesting subject for skiagraphic 
study. The phalanges ai)pear broader and thicker than normal 
and show no osteophytes. The metatarsi also show massive 
structures. 

87. The pathological anatomy of hallux vfilgus, as well as 
that of arthritis of tlie large toe, is %Jbo much better appreciated 
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and judged since the advent of the rays. The toea need fre- 
quent ekiagraphic representation on account of the entrance of 
foreign bodies, eepecially of needles and tacke. 

MalformationB, like syndactylism, etc., can also be well 
studied. The exact anatomic diagnosis that we are able to 
make now enables us to determine whether surgical interference 
is possible, and if so, it outlines clearly our modus operandi 
beforehand. 

88, To avoid fake interpretations of skiagraphs of children, 
it should be remembered that the lower epiphysis of the tibia 
and the fibula show tbeir osseous nuclei in the first and second 
years, and unite with the diaphysis between the eighteenth and 
the twenty- fifth year — according to the skiagraphs, as early 
as before the eighteenth year. The osseous nucleus of the 
aatragalus and the calcaneum appears intra utero, that of the 
cuboid shortly before or after the birth, that of the cuneiformia 
between the first and the fifth year, and that of the og naviculare 
from the first to the fifth year. The osseous nuclei of the meta- 
larsnl bones and of the phalanges appear from the second to the 
tenth year, and unite with the diaphysis between the sixteenth 
and the twenty-second year. 



SnOUXDEH AND UPPER EXTREMITY. 

89. The shoulder can he skiagraphed in the sitting, dorsal, 
abdominal, and lateral positions. It is fluoroscoped best while 
the patient is in the sitting posture. Irradiation takes place 
best in the perpendicular direction, the tube being as near as 
possible and the glenoid cavity being regarded as the center. 
An abdominal exposure is necessary as a rule. Children 
require between 3 and 4, thin adults about 6, and stout adults 
7 to 8 minutes exposure. 

A good skiagraph of the shoulder- joint is best obtained from 
the anterior aspect, in other words, in the abdominal position. 
The sigmoid form of the clavicle must appear well marked. The 
teapula ia best studied posteriorly, that is, in the dorsal posi- 
tion. Its triangular shade can l>e well difTerentiated from the 
ribs. Its spine can be followed in its eoursCj running parallel 
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to tlie clavicle and ending at the acromion. The acromioclavi- 
cular junction shows a hiatus, which, in the early days of skia- 
graphy, was mistaken for a diastasis of the joint. An increased 
knowledge has taught that this apparent diastasis is by no 
means pathological and that there is a normal gap between the 
osseous ends of the acromion and the acromial end of the 
clavicle (see Plate XXIV). The glenoid cavity, containing the 
head of the humerus and the major and minor tubercula, 
should also be well marked. Between the clavicle and the 
scapular spine appears the dark shade of the coracoid process. 

90. Tumors of the clavicle can be differentiated l)y skia- 
graphy. Atrophy of the clavicle in aortic aneurism can be 
represented. The true character of pulsating tumors, erroneously 
taken for subclavian aneurism, may also l)e shown. Tuber- 
cular foci are also sometimes found in the clavicle. It is need- 
less to say tlhit dislocation of the clavicle is easily differentiated 
from fractures by the aid of the rays. 

Skiagraphy of the scapula is indicated in tumors, especially in 
osteosarcoma. How important the rays are in various injuries 
of the scapula, especially in fractures, may be illustrated by 
Plate XXV, which represents a fracture of the neck of the scapula 
that had been taken for a fracture of the anatomic neck of the 
humerus by several ])hysicians before the skiagraph was taken. 
The deformity was corrected, and it iis need lews to emphasize 
that \vithout this corrc»ction the patient would have been a 
cripple. Fracture of the ri])s was also present in this case. 

91. The shoiihhr-joint was formerly regarded as a regular 
crux medicoruin. Whih^ dislocation, f<^r instance, should be 
easily diiTi^rentiatecl by the possibility of paljjatin^ the joint- 
surfact* of the shoulder, there are, in fact, many unnMN);_Miized 
eases. IMate XXIV shows a case of sul)jj;lenoid disltn-Mtinii of 
the shoulder in a man of .''7 years. Tiie eiiiply joint-surface 
presents itself «l<:arly. 

IMate XX\'I shows a (l('forrne<l union after fracture of the 
surpical m-ck in a <jcirl of ].") years wln» fell frnni awindmv in the 
fourth story. The forre nf tlie fall fortunately was hrnkm hy 
wash lines strinii^ helow, so that the j)atient esf'aped with an 
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exteiiBive contusion ot the right ftwt, a. wound the length of 
6 inches at the frontal region, ^nd a fracture of the surgical 
neck of the right Immerua. The competent family physician 
reduced the fragments at once, but they slipped out again; 
5 weeks afterwards we noted a prtinounced protrusion of the 
lower fragment, which was united to the small upper fragment 
in juxtaposition. We were astonished to find that in spite of 
the immense deformity there was hardly any functional dis- 
turbance at the time. Osteoclasis, however, was performed, 
which, while not restoring the fragments to a blameless posi- 
tion, brought about considerable improvement. 

This again shows that the significance of a skiagraph for the 
purpose of estimating the degree of functional disability is not 
always conclusive. (See Art. 164.) 

While fractures of the shaft of the humerus are usually too 
well recognized without the aid of the rays, there are some details 
that cannot be ascertained without them. Plate XXVII shows 
a green-stick fracture in a lad of 9 years. The skiagraph showed 
that the axis of the humerus was bent and this knowledge 
enabled ua to redress the fragments into their proper direction 
3 weeks after the injury; still, who has never l>een guilty of con- 
founding some of its various injuries? Aside from differentia- 
tion betAvecn pre- and subglenoid dislocation and fracture 
of the anatomic neck of the humerus, there remains the 
various inflammatory processes — traumatic, rheumatic, arthritic, 
syphilitic, and tubercular — and the tumors, like enchondroma, 
os^oma, and osteosarcoma. Osteosarcoma can be rec<^nized at 
an early stage. It should be home in mind that most cases of 
osteosarcoma give a history of an injury, so that the swelling 
is sometimes erroneously taken tor callus-proliferation, (See 
Art. 137.) 



92. Just as in intra- and extrascapular fracture of the head 
of the femur, the Roentgen rays show that in fracture of the 
head of the humerus, schematic distinction between fracture of 
the anatomic and surgical neck, as well as transtubercular 
fracture, cannot always be made. In the case of a woman 
ol 56 years this was illustrated in a very striking manner. 



J 



46 PRACTICAL APPLICATIONS § 15 

The patient had fallen about o weeks before, striking the right 
elbow on tlie })aveinent. There had been ecchymosia at the 
elbow at the time, suggesting a fracture there, but no fracture 
had been found at this point. When examined 4 days later 
there had been absolutely no objtHitive symptoms of fracture 
except a slightly abnormal mobility in the region of the head of 
the humerus. The pain here was intense. There was, how- 
ever, no swelling or deformity. The skiagraph showed a fissure 
line running downwards and inwards from the tubercles to 
about the surgical neck of the humerus. Another skiagraph . 
taken 2 weeks later, and viewing the bone from the back, 
showed a line that might lead one to look upon the case as 
one of fracture of the anatomical neck. The second skiagraph 
showed chips of bone — a condition that, as mentioned before, is 
not infrecjucntly met with in other cases supposed to be only 
exanii)les of contusion. When such chips of bone can be 
recojrmzed, the massage treatment for sprains is manifestly 
inappropriate. 

To avoid ernmeous interpretations, the fact must also not be 
losit sight of that the union between the epiphysis and the 
dinphysis of the head of the humerus is not perfect before the 
twentieth vear. 

93. Sometim(»s the shaft of the humerus is the seat of a 
periihstitic process or an (n<teonn/c(i(ir Jonis. In such cases a pre- 
ceding trauma is often reported. The pain, the edema, the 
fever, and the general debility may be sometimes so little 
marked that difl'erentiation becomes ditlicult. Tlie skiagraph 
not only clears this difliculty of diagnosticating this disease, 
the true etiology of which is still so obscure, Init also furnishes 
a trustworthy guide for the operative technic at tlie same 
time. (SeeArts. i;31 and i;}2.) 

In the case of a woman, age 20 years, the slow onset of the 
8ymi)toms did not seem to l)e in favor of an acute, inllamniatory 
process. Pain being j»nsent only temi)orarily, the fear of a 
malignant growth was a}>j)arently n<»t unjustified. The skia- 
grai»h at once did away with all anxiety, since it revealed the 
preseiK'e nf a ein\nns(ril)ed osteomyelitic focus at the middle 
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of the humerus. The focua was easily exposed by the chieel 
under the mentorship of the skiagraph. That the skiagraph 
has also spoken the truth by demonstrating the integrity of the 
remaining portione of the humerus was shown by the apeedy 
recovery. 

Plate XXVIII illustrates the case of a man of 2S years who 
was ehot 3 years before the skiagraph was taken and who since 
had suffered from the Hymptoms of preSHures on the median 
nerve. Two exposures were made, one on the flexor ami, 
another on the extensor side. In proportion to an angle of 
90°, 4 metallic letters were attached on equal intervals to the 
surface of the upper arm by adhesive plaster, A illnstrating the 
anterior, P the posterior, / the interior, and E the exterior 
aspect, ae shown by the skiagraph. The point of recognizable 
attachment was made at the integument before by marking 
them with nitrate of silver. The comparison of the various 
diameters revealed the location of the bullet, whit^h was 
extracted under local anesthesia. The bullet, on account of 
having struck the bone, had assumed a tlattened shape. 



94. ElbOTv-Jolnt. — The elbow-joint, the knee of the 
upper extremity, has also been a frequent source of grief to 
the busy practitioner. The general principles of diagnosis and 
therapy, Arte. 76 and 77, in regard to the knee-joint also hold 
good for the elbow. Although the textbooks describe a series 
of we II- pronounced signs characteristic for the various types of 
injuries of the elbow, cUnical experience shows that even the 
apparently simplest disorders are often misunderstood. Plate 
XXIX illustrates the case of a woman who sustained a backward 
dislocation of the elbow by falling from her wheel. The diag- 
nosis of a reputable surgeon was fracture of the lower end of the 
humerus. When, after 4 weeks' treatment, the swollen elbow 
still appeared much deformed, the patient insisted that some- 
thing wafi wrong. Under the guidance of the skiagraph the 
deformity could still be corrected. 

In such cases it is the duty of every physician to explain to 
the patient why, in view nf the extensive swelling, such an error 
could easily be made without the aid of the Roentgen rays, and 
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thus exonerate his colleague, not forgetting the old story about 
the motes and beams. At the same time, a physician of com- 
mon sense should regard such an experience as a good lesson 
for the future; this misfortune will then turn out to be a lucky 
incident for him in the end. On the other hand, on account of 
the backward position of the lower fragment in a fracture of the 
lower end of the humerus, backward dislo^'ation may erroneously 
be thought of, as it happened in the case of a girl of 12 yeaiB 
illustrated by Plate XXX. Crepitus being absent on account of 
impaction, it was not until the rays were consulted that the 
diagnosis osteoepiphysial separation could be made. 

Another typical case is the following: A laborer who had 
been injured by a machine shows a fracture of the middle of 
the humerus and at the lowei third of the ulna. The patient 
was treated by a good physician, but no skiagraph was taken at 
the time. The treatment of the humerus was excellent, the 
fragments having been held in exact apposition, as is shown by 
the very slight evidence of the line of fracture. The ulna frac- 
ture had not been well reduced, but it could not be seen that 
the deformity of that bone interfered seriously with the function 
of the arm. But in the el bow- joint there was a very important 
lesion that had not been detected by the physician, although 
it was under his care for 2 years. The man's arm eventually 
became paralyzed, and it was thought there might be some callus 
proliferation in the humerus, and for that reason it was decided 
to cut down upon it and free the nerve. But the condition 
remained unchanged. If at that time, H years after the injury, 
resort to skiagraphic examination had been made, the surgeon 
would not have cut down upon the nerve, because the picture 
would have shown no displacement. Tliis fact would have 
excluded the possibility of comj)ref>sion of the nerve. If there 
Wiis compression of the nerve lie would have known that it 
must be somewhere elst*. Wlw^n we saw tlie j)atient for the 
first time a skia<rraph in th<* liextMl ])()siti(>n was takrn, which 
]K)inte(l to (lisltM'ation of the radius. It did not a])|»ear very 
marked, and so an unc'diicatcd rye nii^ilit, on a sui)orficial 
examination, have ov«.Tlo(^ked it. Tiiis also emphasizes the 
importaiu'e of taking two ditfercnl pictures, for, in the second 
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one, taken in the extended position, it is made absolutely evident 
even to the unskilled eye. After 2 years the patient suggested 
to the physician that a skiagraph be taken. The latter replied 
that this was interesting and could be done. So he sent the 
patient to a ** Roentgen ray photographer" and wrote him 
that the humerus should be skiagraphed. Apparently he did 
not attach any importance to the injury to the elbow. But the 
patient did not like the idea of consulting a mechanic and pre- 
ferred the opinion of a surgeon. The true state of affairs was 
of course concealed and the j)atient simply advised to submit 
to another operation to relieve the nerve further downwards. 
Now, if a skiagraph had been taken 2 years before, the physi- 
cian would have seen that the humerus was in perfect position 
and that the ulna showed displacement, which would have 
easily been converted then by slight inward pressure. He 
would also have discovered the radial dislocation and could 
have easily reduced it at that time. The patient is still para- 
lyzed, and it is very questionable if he will recover. 

95. If there is a multiple condylic fracture, a perfect resti- 
tutio ad integrum cannot be expected. The skiagraph fur- 
nishes the documentary defense for the physician who attended 
first. On the strength of a skiagraj)h showing the constellation 
of splinters in the elbow-joint the ankylotic elbow can always be 
justified. Plate XXXI shows a multiple fracture of the lower 
third of the humerus in a woman of 27 years, 9 months after 
the injury. The skiagraph indicates that the fracture was of 
such a serious nature that a good result could not have l>een 
expected under any circumstances, splinters of bone being 
scattered and imbedded in the soft tissues. If the skiagraph 
had been taken at the outset the surgeon would have been placed 
in a position to say positively that it was utterly impossible to 
get a good result. Thus he would have had a document to 
prove the serious nature of the injury, which was caused by an 
extreme degree of violence. Only a fool would, on the strength 
of tlie j)icture, have expected him to restore to its normal condi- 
tion the lower end of the humerus, which was almost com- 
pletely shattered. 
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On the other hand, the Roentgen rays enable the 8ais;eon to 
correct the |K)8ition of one or another fragment, and bj frequent 
changes of the immobilizing dressing, repeated corrections can 
be made. The skiagraph invariably shows the relations of the 
fragments, even through a plastei^of-Paris dressing. Thus the 
surgeon always knows if his attempted reposition is correcL 

96. The m€dian as well as the radial nerve may become 
lacerated by the splintering of the bones. This requires imme- 
diate neurorhaphy. Of course, the nerve fragments cannot be 
represented by the rays, t)Ut the location and the character of 
the fracture, in conjunction with the symptoms in the sphere of 
these nerves, make the diagnosis )x>sitive and dictate the opera- 
tive steps. 

97. In children the skiagraphic anatomy of the elbow- 
joint may l)e falsely interpret^. It should be remembered 
that the osseous nucleus of the interior of thecapitulum humeri 
appears between the second and third years. Another nucleus 
shows in the internal epicondyle at the fifth year, a third in the 
trochlea between the eleventh and twelfth years, and soon after- 
wards a fourth in the internal epicondyle. The nucleus of (he 
internal epicondyle unites with the diaphysis between the six- 
teenth and the twentieth year; but the other three nuclei form a 
synosteosis among themselves at the seventeenth year, then con- 
structing the uniform osseous epiphysis which completes its 
synosteosis with the diaphysis at about the twentieth year. 

In very young children the eminentia capitata appears as if 
entirely severed from the humerus, although the relations are 
normal. The explanation of this important phenomenon is 
that the epiphysial tissues are not sufficiently ossified to 
produce a shadow on the plate. If these points are not thor- 
oughly considered a displaced fracture fragment might be erro- 
neously diagnosticated. The lower epiphysis of the humerus 
consists of four nuclei, which do not ossify until from the eighth 
to the seventeenth year. The epiphysis of the trochlea as well 
as of the olecranon do not ossify until between the seventh and 
the twelfth year, which explains why an osseous nucleus is 
still connected with its neigbl>oring epiphysial nuclei and the 
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diaphysis, connected by cartilaginous tissue, appears as an 
isolated piece of bone which might erroneously be taken (or a 
fragment. 

It must also be borne in mind that in fractures in childhood 
the process of ossification is influenced by various aSections of 
the bone, like rachitis, for instance. 

98. As stated before, inflammatory processes in the elbow- 
joint are to be viewed from the same points as those of the 
knee-joint. (See Plate XXXIX and ArU. 76 and 77.) 

99. Fractures of the Oleprauon. — Fractures of the 
olecranon are found more frequently now than before the dis- 
covery of the rays. Experience furthermore contradicts the 
wide-spread opinion that the fracture of the olecranon does not 
happen before the fifteenth year. It is observed from the tenth 
year, when the nucleus tor ossification appears. In a case 
of wide diastasis' of the fragments, wiring is necessary. While 
union is taking place tre<iueiit fluoroscopic examinations should 
be made. 

100. Fractures of the Coronold Process of the 
Ulna. — It was thought that fractures of the coronoid process 
of the ulna were of rare occurrence. But, as in many other 
instances, experience with the Roentgen rays has taught that 
this type of fracture is much more frequent than was formerly 
believed. The fact that only recently we observed this 

I type in three of our patients during the short space of 4 weeks 
seems to strongly support this assumption. By realizing that the 
normal coronoid process cannot he palpated through the thick 
muscular strata that ])rotect it, the dlHiculty of making out 
the broken fnigmenls becomes apparent. The strong lateral 
ligaments, as well as the annular ligament, which is strengthened 
by the brachialis muscle, form so strong a protection to the 
process that a displacement of its fractured fragment seldom 
takes place. This usual absence of displacement also explains 
why crepitus is ordinarily not produced. The presence of 
eccbymosiB, as well as of an intense circumscribed pain in the 
cubital fold produced by strong flexion, are suspicious signs. 
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The latter would indicate that the procen is pusIkmI into tbij 
fossa anterior. It should not, however, be forgotten that this J 
valuable symptom is entirely of a subjective nuturu. 

Thus, a positive diagnosis can but seldom lie made without J 
usiDg the Roentgen rays. The diagnosis will nUo dotennin 
the prognosis. If there is but little tendency to diBplaceroei 
the prc^oeis is favorable even when the diagnosis has not b 
made. But if there is any marked displacement the tam 
of the elbow is greatly disturbed. In such an crveiit, of con: 
the diagnosis is so much easier the greater tiiat the diKpIaM 
ment is. Nowadays this much dreaded condition iiccid not fa 
feared, since reposition of the fragments hns 1i£<come greatiji 
simplified under the guidance of the rays. 

The after-treatment is best conducted in a nrt angular An 
ingof pi aeter-of- Paris. In the cases referreil l<i the frsgmei 
were invariably found iu a displaced poaitiun so tliat tfaeiH 
projected into the joint, interfering with frea motion, 
projecting bone moss therefore hnd to be chiBili;d off. 

In the case of n girl of 14 years, fracturcof iln' lower end oftf 
humerus and of the coronoid process of the iihm had ocrun 
Radial paralysis and acute muscular contraction followed to BW 
an extent that the arm became perfectly u^<-]f!>s. Under thjfl 
guidance of the rays the protruding coronoid fnigment ^ 
removed and the compressed nerve relieved. Whether after mn 
elapse of 6 years since the injury this de])l(>rahle condition will 
still be remedied, has not been nscerlained, the patjant 
still being under treatment. 

101. Fracture of the Dlaphj-sis of tlic Ulna. — Fnto- 
ture of the diaphysis ol the ulna is known to have a great 
tendency to displacement. If pressed against the radiufi, synofl- 
teosis may take place, thus rendering pronation and sui>tnation 
impossible. For correction, compare the principles emphasized 
in Art, 106 on the fracture of the shaft of the radius. 

103. Fissure of the capltulum »ilnH> is found in con- 
nection with the fracture of the carpal epiphysi.s of the radius. 
(See Art, 109.) 

In simultaneous Jracture of the tt/tin and radm^, nialiinion is 
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often observed. Plate XXXII shows deformed of ra^lius and 
ulna in a laborer of 35 years. Tlie fragments overlappeil and 
became adherent by fibroua tissue in juxtaposition. Osteo- 
clasis l>eing impossible, severing of the fragments had to be 
accompHshed by the chisel. In the case of a man of 39 years, 
who suffered fracture ot both forearms by extreme violence, 
union failed to take place after 5 months. Skiagraphy revealed 
overlapping ot the four bones. Both forearms showed false 
motion and their function was destroyed. Osteoplasty was per- 
formed under tlie guidance of the skiagraph. 

The right forearm pennitted of perfect reduction so that the 
fragments, after being refreehed, could he united by silver-wire. 
The Iwnes of the left arm could not be pulled into proper posi- 
tion, wherefore they had to be shortened. A segment wae cut 
out from one end and an acute triangle from the other in each 
bone, so that they could be rejoined without the use of silver- 
wire. A p 1 aster- ot- Paris dressing was then applied, through 
which skiagraphic examination showed the fragment* in good 
apposition. The result waa a perfect cure. 

THK RADIUS. 

103. The radius gives the surgeon more trouble than any 
other bone of the huniiin skeleton. If it is only realized that 
fracture ot itfi lower epiphysis is the most frequent fracture type 
— at least 18 per cent, ot all fractures — its importance becomes 

» evident at once. 
104. Fractures of tbe Ratllal Head. — Isolated fracture 
of the head ot the radius was regarded as being very rare. If 
the fragment is entirely severed, it will be recognised by palpa- 
tion as a separate piece ot bone. In addition it will not share 
the motions of the arm while alternately turned in pronation 

I and supination, and in th.it case crepitus is seldom absent. 
Intense pain may point Ui the seat of the fracture, and some- 
times it may be guessed by simple inspection, the biceps draw- 
ing the shaft forwards and causing a slight projection. Bui 
whenever there is an entire absence of displacement, contusion, " 
C» distortion, this error is apt to be made, particularly so when 
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th«' swelling' fallowing the injury veils the sjmptomB, abnomal 
iiioliility csjuHMally not l>eing noticeable. In fonner yeais it 
was only uiuk>r anesthesia that such cases were once in a while 

(li:iLMiosi'(l. 

I Oo. rissinvs of the Radial Head. — It ja evident thst 

the iliai:nM>is df tlu* tissure of the radial head is still more diffi- 
cult. It wiiiihi }^t'oin that until the discoverj of the rays iti 
prooMfc rouM never l>o clearly ascertained, and there can be no 
il«>nl)t that with (Hir increasing knowledge and experience this 
li-siire. al-u. will he reeopiized more frequently. 

The fo]!(»win>r ease will serve as an illustration. A woman, 
a.LMil'JI year>, in faliinu <l(>wn is tairs struck her right el bow against 
a )>ieeei>t inui prnjiM-tinir from the stairway. She consulted a 
|i}i\-itian at onee, wh<> found the elbow much swollen and 

I •am fill. No siiins of a fracture were then detected. 

Two (lays later the arm was in a right-angled flection and 
iIh' re*: inn i>f the ellxtw-joint showed considerable swelling and 
tenil<M*ne» ei|uall\ (listrihuttHl. The area above the radial head 

^ho^^^'«i the j»n'senee of ei'chvniosis. 

A >Uiau:raph was taken at once in supination, the patient 
Ivnii'. on her hack. It revealed the presence of a fissure of the 
laiiial head heyond any tlouht. There were, in fact, two distinct 
iis-.ni<* line>. one running through the circumferentia articularis 
al.Mic. lis mairjn. and the other creating a trigonal segment, the 
l..e.e ol which was fornu'd hy the internal margin of the circum- 
leieniia aitieuiarls and the tip hy a sidinter detached from the 

iiidiid neck. 

The tM'Mlnicnt consisted in the application of a plastei^of- 
rnii dicNMnji in nn-tangidar llwtion, the forearm being kept in 
■ , niipionation A second skiagraph, taken 4 weeks later, 
.|»,.w»d jdeal nnji«n, the external portion of the circumferentia 
.0(1. nl Ml i I'ulv pioiruding farther than it phoidd normally. . It 
,il..,. j.t.iMd hiiw (piickly the evidence of the presence of a 

II .ntt I'. I omen lost i( there he perfi^ct approximation, a circum- 
Mt.uMc ill )>e h.nne wi'll In mind from a medicolegal standpoint. 

The timctiun of the forearm did not l>ccome i)erfec*t until 
:i monlhh alter themiurv, the joint showing considerable stiffness 
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at first, which yielded gradually to rnaBsage treatment. {See 
Annals of Surgery, March, 1901. ) 

Fissure of the radial head being of a decidedly intra-articular 
character, an effusion in the joint is a natural secjuence, which 
explains the uniform swelling at the beginning as well as 
the atiSness at a later period. From the observation of this 
skiagraphic case we may learn that wherever observation shows 
no tendency to displacement it will be advisablti to begin 
motion at an early stage, say after 10 days, in fissure as well as 
in fracture of the radial head. In relying on the skiagraphic 
mentor, our results will be far superior to those of tlie past. 
Even in the much-feared cases of fracture of the radial 
head, where the fragment is considerably displaced, a great 
deal can be done, or rather prevented, under the guidance of 
the rays. 

The case of a man, age 3*2 years, gave on opportunity to 
diagnosticate a fracture of the radial head before the use of the 
Roentgen rays. This was easy becausfl the much displaced 
fragment was freely movable. It had seemed that the frag- 
ments bad been successfully reduced, l>u- a skiagraph taken 12 
hours after the injury, through a pi aster- of- Paris wire splint, 
showed that the reposition was not perfect. Anesthesia enabled 
the displacement to be corrected perfectly in the half-extended 
position with satisfactory results. 

Immobilization should be kept up for weeks in such cases, 
for premature contraction of the biceps muscle might separat* 
the replaced fragment. If the fragments are not properly 
retained in place, the production of extensive adhesions might 
demand resection of the radial head. The same operation 
might be indicated it small fragments separated from the 
cartilage remained detached and act like foreign bodies so as 
to disturb the function of the elbow. The Roentgen rays enable 
us, in the event of this rare necessity, t^) trace out definitely the 
mode of such operations beforehand. 

106. Fractures of the Shaft of the RaUIus.— Fracture 

of the shaft of the radius has a well-known tendency to dis- 
placement. Plate XXXIII illustrates a case in which the upper 
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r:iili:il fni^ini*iit was pressed against the ulna. 

II till If \*y licmlin^ the forearm in the same maimv^ 

stiik i< rmsf^tnl over the knee, the ulna reBting <ttM 

• »f a t;il>lf. 

Wlicii it was thought that reposition was 
nf \\\r\^ ilrr^isiiiL' was applied. But the skiagianli^^ 

• •ii.r. >liu\vti| that re|M>8ition was imperfect, 
>.«(<tii<l itTort was iiiadi\ which proved to ^be su 
-u< h ca^i s it is a>lvisahle to flex the opposite bona 
a- )•••>•.{). 1,. tliat is. in isolated radial fracture bend 
ai:<i in jxitiait'il ulnar fracture l)end the radius. 

107. 1 rartiiro of the C'nriml End of tlie Rflndla 

I-'rai tun* i*f th*- < arpal end of the radius (erroneously «mHt 
r«»lir-' fra« lup ' i< thr most fre<iiiont fracture type, and is sup 
|Misi(I 111 foi'ui at loast IS percent, of all fractures. We think 
tli;it it fiiruis '2'2 |M-r rt-nt. 

In nn ty{M' uf fnictnn^ have the Roentgen rays disclosed so 
many < rrors as in this niueli-disputed one. In most cases 
skiaL'iaphy has rrveah'il t'on* lit ions that were not expected and 
tliat have recjuirtMl the original diagnosis to l)e more or less 

UhMliflrd. 

It has )>een found that the anatoniie aspects of the various 
forms nf fracture of the lower eml of the radius differ more 
than those of any titln-r fracture, and it is self-evident that 
such variants are hy no means of indifferent importance in 
respect to treatment. 

108. Since March, 1896, when we first ]>egan to skiagraph 
all cjises of fracture and suspected fracture that come under our 
care, we have ohserved fracture of the lower end of the radius 
12*5 times. In a number of cases fissure of tlie ulna coexists. 
Other Hiirprisinj; features are that simultaneous fracture of the 
styloi<l j)roces8 of the uhia an<l of the scaphoid hone have been 
foimd in a j^reat nmnher of cases, complications that were 
formerly eupj)ose<l to he of extremely rare occurrence. 

Having regard to experience as well as to the information 
gaine<l hy the Roentgen rays, we have tried to clasaify those 
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forms of this much- disputed fracture that appear to l>e mo6t 
characteristic, aud must, accordingly, demand diflferent thera- 
peutic measures, viz. : 

1. Epiphysial (chondro-epiphysial and osteoepiphysial) 
separation. 

2. Fissure (fracture without displacement). 

3. Complete fracture (simple and more or less displaced 
and multiple T- and Y-shaped). 

4. Incomplete fracture — infraction (very rare). 

5. Fracture of the carpal end of the radius combineil with 
fracture of the styloid process of the ulna. 

G. Fracture of the carpal end of the radius combined with 
fissure or fracture of the lower end of the ulna. 

7. Fracture of the carpal end of the radius combineil with 
fissure or fracture of the scaphoid bone (also with the ulnar 
end, sometimes). 

All these different varieties may be intra- as well as extra- 
articular. 

8. Fracture of little hone portions (chips), usually extra- 
articular. 

109. The first modification that the Roentgen rays imposed 
upon the anatomy of this fracture was our own discovery of the 
simultaneous injury of the lower end of the ulna. (See 
International Medical Magazine, May, 1897.) In a study of 
123 cases of fracture of the carpal end of the radius, fissure of 
the ulna was found 26 times (nearly always in adults) while 
the complete fracture was observed 9 times (during the age 
from 10 to 18 years). Displacement of the ulnar fragment was 
rarely present. In 4 cases it was, in fact, insignificant. The 
direction of the line of fissure and fracture was always trans- 
verse. The injury had invariably been caused by a fall upon 
the hand when in dorsal flection, the history of the case invari- 
ably pointing to a high degree of external violence. 

110, Considering that in a case of simple fissure of the ulna 
the position of the fragments remains normal, as there is no 
diastasis, it is easily understood why a correct diagnosis was 
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hardly possible before the tliscovery of the Roentgen rays. 1 
tear may, in fact, be so insignificant that only a very disti 
skiagraph will show it. 

Plate XXXIV illustrates a case of osteoepiphysial separati 
of the radius combined with fissure of the inner surface of i 
epiphysial end of the ulna in a lad of 16 years who had fall 
down a stone stairway. 

Plate XXXIV was taken while the ulnar margin of the ha 
was slightly lifted, while a former palmar skiagraph created t 
impression of a normal, non-ossified epiphysis. Another exp 
sure, taken in the lateral position, illustrated the displaceme 
of the fragment markedly. This is another proof of the aba 
lute need, as stated, of taking at least two exposures in difTere 
positions in fracture cases. 

111. Another technical point deserving attention is that 
the exposure is made immediately after a fracture is sustains 
the fracture line is often not well marked, especially so if the 
is no displacement of the fragment. After a few days, when tl 
callus formation begins, the line is more marked. The fii 
skiagraph of the case described, for instance, which 8how< 
hardly any evidence of the presence of a fracture, was tak< 
1 hoMT after the injury. Tlie diagnosis of fracture could 1 
made without the aid of the Roentgen rays in this case, but tl 
simultaneous injury of the ulna would certainly not have bet 
recognized by the old method. 

Plate XXXV illustrates the case of a lad of 18 years who ft 
from the roof of a small house. When the patient first can 
under observation, 24 hours after the injirry, there was consi 
erable swelling of the wrist and marked deformity, which w 
especially marked at the outer (radial) aspect of the wrist, 
the ulnar surface a slight irregularity was noticeable. The si 
agraph showed a considerable disj)lacement of both bom 
whieh were in a state of splintering, and a transverse fractv 
of the scaphoid bone. Naturally, the disphieenient yielded 
forcible bending under anesthesia, A second skiagraph, tak 
3 weeks after refracture, showed ideal aj)position of the uli 
fragments and fair restitution of the radial. 
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It waa only in five of the cases of Bimultaneouo ulnar 
fisanre or fracture that there were any indications of mobility, 
and even in these casea the indications were bo slight that no 
diagnosis could have been made without the aid of the ski- 
agraph. Of course, as soon as the skiagraph has given a clear 
anatomic representation of the condition the palpatory impres- 
sions become more certain. 

112. In view of the anatomic relations, it is natural that 
ulnar crepitus was never obsen'ed in these cases. Sometimes a 
slight ulnar deformity was noticeable, which was undoubtedly 
due to the presence of the bloody effusion within the fissure 
line. The tenderness localized in this sphere harmonized with 
this aasumption. 

From the study of these cases the conclusion may be drawn 
that, in many cases of fracture of the carpal end of tbe radius 
producing the so-called sideward pushing of the ulna, there is 
in (act a fissure or fracture of the ulna which, on account of its 
insignificant clinical signs, was not recognized in former years. 
We have no doubt that with tbe greater popularity of the 
Roentgen rays the comparative frequency of the injury will be 
confirmed by many physicians. 

113. It should be borne in mind that only a very good 
tube clearly reproduces the presence of a fissure. A soft tube 
should be chosen and the exposure should be long enough 
to show the structure of the bones distinctly and the soft 
tissues hardly at all, as, for instance, in Plates III, IV, IX, 
and XII. 

It baa repeatedly occurred that on account of a mediocre 
akiagrsph a fissure line waa not detected which appeare<l well 
pronounced in a blameless ona Such facts explain very well 
why some surgeons disputed the reliabiUty of other fellow 
observers. Dr. A, for instance, insisting upon his diagnosis, 
and properly so, while Dr. B, with bis poor skiagraph of the 
same case, asserts that he did nut find tbe fissure line. Of 

L oourse, Dr. H's opinion is thoroughly honest, but absolutely 

J erroneous, nevertheless. 

Especially during tbe first few days after the injury the 
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presence of a fissure is more easily overlooked than later^ when 
callus formation begins. Only the most thorough observation 
brings out the necessary points with clearness, and it may be 
repeated that two synchronous exposures must be taken — one 
in the dorso-palmar and one in the lateral radio-ulnar position. 
It is also advisable to make several exposures during difiFerent 
stages of after-treatment. Now we hear a number of confreres 
say: **This is all very nice and interesting, but wherein does 
the practical benefit of this detailed anatomic knowledge 
consist?'' To this we must rej)ly that the practical benefit is 
enormous, since we now unden^tand why simple fissure heals 
under or in spite of any treatment. Wherever no tendency to 
displacement exists, no replacement or, to use an ordinary 
term,vno reposition is required. 

If the surgeon, led by anatomic knowledge, does the same 
that the quack does on account of his ignorance, namely, leave 
the healing process to nature, the same good result may 
finally be obtained. The scientific treatment of fissure will 
not alter any of its mechanism, but it will, at least, have 
the value of giving greater comfort to the patient. Such 
comfijrt is obtiiined by encircling tlie wrist by a bracelet of 
moss-board. This aj)i)liano(^ immobilizes the wrist sufficiently, 
and at the same time it permits enough motion to counteract 
the formation of adhesions in the sheaths of the tendons. The 
patient carries his hand in a sling in sucli a manner that the 
ulnar margin rests on it. Thus, free motion of the hand is 
permitted. The patient is told to move his fingers as in 
phiying the ])iano, and we found it very useful to advise hun 
to grasp marbles of moderate size and to roll them around 
in the i>alni of the* hand. Patients are generally willing to 
k(?ep theses marl)les in their ])Ockets, and play with them while 
reading, conversing, or walking around. If motion Ih thu? 
kept np (M»nh:tantly tlie massage trratnu-nt, as well as forcible 
motion, can Ik' dispensed with, and r('(X)v<'ry is perfe(.*t in 
4 weeks or even l)*'fnn'. 

In eunipl<'t<' fractnrr witlimit t<n<1on<'y l«) displacement a 
plaster-of-Paris dn-^^inL' niay \n- ap|»li«'d ininKMliately after 
the injury is sustainnl. \\\\\ wlirncvt.M' displacement of the 
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fragments takes place, accurate reposition is the condition sine 
qua non. This is done best hy forced extension, the hand 
being grasped as in a firm hand-shake, with a downward pres- 
sure by the surgeon's thumb, while counter-extension is used 
on the forearm, whi(;h is flexed rectangularly. If an assistant 
is at hand, the surgeon grasps the four fingers with his left and 
the thumb with his right hand, while the assistant uses counter- 
pressure at the elbow. If this procedure should fail, anesthesia 
must be employed. If there is simultaneous injury of the 
lower end of the ulna showing displacement, like in Plate III, 
for instance, great care must be taken to press the fragment 
into its normal place. 

114. Even in multiple fractures, especially in the much 
dreaded T-shaped variety, the articular arch of the radius may 
be restored by repeated efforts of reposition controlled and 
corrected by the Roentgen rays. Even the routine surgeon is 
often astonished to find, after he thought he had accomplished 
a perfect reduction, how badly he has succeeded in his alleged 
reposition, one small item generally having been overlooked by 
him. Fortunately malposition can often still be corrected after 
2 or 3 weeks. 

Keeping the fragments well adjusted in a proper position is 
quite difficult sometimes. We have, however, always been able 
to secure this by very simple methods. A long adaptable wire 
splint is applied while forced traction is made; the splint 
reaches at the flexor side of the arm from the tip of the 
fingers to the elbow. If the direction of the displacement 
is upwards (silver- fork shape), a pad of adhesive plaater is 
attached to the dorsal integument above the fragment. Then 
a short, narrow splint of wood is applied on the dorsal aspect 
of the arm, reaching from the metacarpophalangeal joint to 
4 inches above the wrist, and is kept pressing downwards by the 
application of a gauze bandage. 

If the tendency to displacement is downwards, the same pro- 
cedure is carried out in the opposite manner, the wire splint 
being applied on the dorsal, and the wooden splint on the 
palmar side of the arm. 
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If the displacement l)e sidewise^ which is most marked when 
there is a simultaneous injury of the ulna, immobilization must 
be carried out on entirely different lines. The adhesive plaster 
pad must then be applied laterally to the fragment, two long, 
narrow, wooden splints being used at the same time. One of 
these splints, being a little broader than the diameter of the 
bone, begins at the metacarpophalangeal joint of the thumb, 
and the other at the same point of the little finger. Both 
extend up to the elbow, the same as the long wire splint. If there 
should be any displacement in the opposite direction, the pad 
must be applied on the ulnar side. No dorsal splint is used in 
this variety. After the dressing is finished, the skiagraph veri- 
fies the proper position of the fragments. In case the tendency 
to displacement cannot be overcome, a pla.ster-of-Paris dressing 
is applied, while forcible extension and counter-extension are 
used. Whether the position of the fragments is correct should 
be ascertained by the rays after the ])laster-of-Paris dressing 
is applied. 

If, after the lapse of a week, agglutination of the fragments is 
obtained and no defonnity is evident, then the soft tissues must 
receive consideration. It is only then that short splints are in 
order. They consist of well-padded pieces of wood extending 
from the metacarpophalangeal joint up to the middle of the fore- 
arm. After another week a l>racelot, such as is recommended for 
the treatment of simple fissure, is so applied as to permit of the 
free motion of the fingers (see Art. 113). The patient is 
told to move his fingers as in playing the piano; also to use the 
marbles as described in the treatment of the fissure. 

After the third week massage treatment is indicated, active as 
well as ])assive motion of the joint being employed at the same 
time. The results of these simple methods are just as good if not 
better than those ol)taintHl l)y any of the numerous much compli- 
cated a])])aratus often advised f(»r the same purj)Ose. If all the 
points of these inanipulations dictated I )y sin ij)le common sense 
arc observed, and if tlieir j^roper execution is certified by the 
skiagraph, surgical clinics will no longer furnish so much testi- 
mony of <lefnrnnties an<l functinnal iin]>airment following 
fracture of the carpal eu'l <»f the ra<lius. 
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Of course, for the rich man who does no work and for the 
who does only rude work, the faulty position may be of 
Rittle importance. But whoever must do delicate work will be 
greatly damaged by even a small degree of functional disturb- 
In fact, it is the displacement of the fragment, be it even 
nry email, which causes the chain of later disturbances. 

115. These doctrines are so simple that it seems almost 
mnneceBeary t© repeat them. And yet they are frequently 
riolated. The functional impairment following some fractures, 
BBpecially the formation of adhesions in the vicinity of the 
joints, has led a number of surgeons to enunciate this dogma: 
"The most important part in the treatment of fracture is the 
treatment of the soft tissues." They claim, in other words, 
that because the function of the soft tieBues — for instance, of 
the tendons — is impaired after a non-reduced fracture, the soft 
tiesues should have received more attention instead of the 
displaced fragment having been i 
belongs. Nothing, in fact, is more ci 
than this dangerous maxim, which i 
vation, hut incorrect interpretation. 
sidered that the relations of the soft tissues to the boneB are like 
that of the clinging vine to the sturdy oak. 

Galen says that the bones give the human body form, erect- 
□eee, and firmness. It is evident that an injury of the bones 
impairs these three fundamental factors. The most important 
step toward repair must thus be taken in the foundations 
rather than in the superimposed structure. 

If tliere is displacement of the bone fragments, undue pressure 
is necessarily made upon the soft tissues; non-reduction means 
persiMenceofpre»»iire, the unfortunate cousetiuences of which are 
well known. RediiclUin. means the relief of pressure. Of course, tlie 
act of injury cannot l>e undone by the mere cessation of presaure; 
but the influence of the injury on the soft tissues— the influence 
of the pressure, in fact — lasts only a short time, and is insignifi- 
C&nt aSlei early reduction; there is then but little inflammation, 
and conse(]uent!y little exudation, and therefore repair is easy. 
This means thai the premises of adbeeiou formation are wanting, 
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and clinical observation shows that if there was perfect reposi- 
tion, the joint as well as the sheaths of the tendons are found free, 
provided the immobilization has not lasted for an extraordinary 
length of time. In such cases of severe functional disturbance 
of the joint produced by the agglutination of the fragments in a 
displaced position we have repeatedly succeeded in reducing 
the deformity by osteotomy performed under the guidance of 
the Roentgen rays. In every instance the functional result has 
been very satisfactory. 

116. In addition, it may be urged that there is another and 
frequent simultaneous injury, namely, the fracture of the styloid 
process of the ulna, which was discovered long before Roentgen 
by Nelaton and Velpeau, but has often again been disputed. 

The Roentgen rays bring the great old French surgeons to 
honor again. Our statistics show a participation of the styloid 
process in 81 per cent, of the cases. Kahleyss, in his mono- 
graph, finds a frequency of 78 per cent., which seems to us to be 
rather high. 

In this country, especially Pilcher, Freeman, Corson, Thomas, 
Don, Haughton, and Col ton have contributed their share to the 
better understanding of this condition. How imi>ortant early 
recognition of the displacement of the broken styloid process is 
may be evident from the case of a woman of 30 years who 
had sustained ii friuttun^ of the ear{>n] end of the radius, but 
which was not skiiigra[)lie(l until 8 weeks after the injury, when 
she still sufTered fn)m a stifT, swollen wrist. The skiagraph 
revealed inversion of thf styloid process of the ulna, which 
explained the intense ]):un causeil by any effort of bending the 
wrist-joint. Had this condition been recognized at an early 
stu^^e, a small amount of pressure would have sufficed to push 
the fragment into its ]»ro])tM' ])osition, wliile after the elapse of 
S weeks perf(H't rt-slitutinii (.'ould \)o I'xpeeted only by removing 
the littlij obstacle with the <'bisrl. 

117. Another intercstinL^ injury is tlie fracture of some of 
the carpal bones, at tlr-^t discovered hy Destoit and Gallois 
In n^alizinu' that the fracture of the carpal end of the radius is 
not only expressed hy a tenr, J'Mt al^o thai it is produced bv a 
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combination of tearing, pushing, and counter-pushing, it is 
easily comprehended why the effect of the violence is not con- 
fined to the radial epiphysis but also either extends to the ulna 
(ulnar inversion of the radial fragment described above) or 
is transferred to the carpus. It has been maintained that 
the preference is for the semilunar bone (Gocht, Kahleyss). 
Destoit and Gallois, also, found fracture of the unciform bone. 
Most of these reports, however, refer to the isolated fracture of 
these bones. It seemed repeatedly that we had detected these 
injuries so long as we had a palmar exposure only, but lateral 
projection showed that the shadow of the adjoining carpal end 
had deceived us. (*^ Errors Caused by the False Interpretation 
of the Roentgen Rays,'' New York Medical Record, August 
25, 1900.) 

118. But another injury, namely, transverse fracture of the 
scaphoid bone, was observed in 9 per cent, of our cases. In 
realizing that the scaphoid is the most important of the car- 
pal bones articulating with the radius, it can easily be under- 
stood that the sanie mechanical combination following external 
violence, as alluded to in connection with ulnar coinjury, holds 
good in regard to the scaphoid bone, viz. , that the pressure is 
continued to its arch, which must then yield. The direction of 
the force is straight, in this instance, instead of being sidewise, 
as in ulnar coinjury, the hand being held in pronation and radial 
inflection. This also explains the enormous intra-articular 
effusion sometimes present, which is responsible for the great 
tendency to the formation of adhesions in these cases. In all 
the cases observed by us an* extreme degree of violence was 
the etiological factor. 

Based on this experience, we may venture to call this 
injury a typical one, found as a consequence of an extreme 
degree of violence. Previously, the extensive swelling caused 
by the abundant effusion was attributed to the radial injury 
only. It is this injury that is especially prone to cause bony 
ankylosis of the wrist. Now, in diagnosticating this injury at 
an early stage, we possess the power to counteract this occur- 
rence by early motion. 
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1 1 0. The inon> we learned to modify our diagnosiB by the 
Koontgon r:iyi«, the Dftener have we found that the most conve* 
niont diagnosis of contusion or distortion in many instances la, 
in fart, nothing olso hut a makeshift for a "fissure or fiBctuia 
Aside friHu the fracture of the whole styloid process of the radius 
itsrlf, the stripping ofT of small bone portions is of frequent 
occurrence. In such cases massage treatment is manifestly 
inappropriate; the treatment to be carried on is the same as for 
the treatntent oi fracture, viz., immobilization. This should be 
kept up at least for the first week after the injury and after the 
little frai^nientH were redressed. 

Such chi[vs are siHuetinics not larger than the head of a pin, 
and if thev are separated fn>ni the dorsal or palmar surface of 
the radius tlit^y in:iy not ht^it all conspicuous on the skiagraphic 
plate when it is taken ivom the palm or the dorsum, the thick 
shadows o( \hv radius veiling them. A lateral exposure will, 
of course, si low tluin distinctly. A small bone-chip may be 
stH'u associated with non-displaced fracture. If the massage 
treatment. s«> connnemlahle in contusions, is used in these 
casrs, it is not surprising that the ]>atient becomes rebellious. 
The Ixorntgen rays explain this phenomenon well. It is, in 
fact, not at all indilTerent whetluT a simple bloody fusion 
or keen rdgi'd luiue fragments are kneaded. 

I tiO. Tlu* stuily of the various iliseases and injuries of the 
hand was greatly henciited hy the discovery of the rays. A 
large nnnd»cr of alleged dislocations and contusions are, in fact, 
either complete fracturi>8 in adults or separation of the 
rpiphysis in t'hildren. Rspecially fractures of the metacarpus 
proved to he hy no means as rare as was thought formerly. In 
most casrs displacenu^nt of the fragments heing ahsent and the 
oth«*r metaearpal hones serving to a certain extent as splints, it 
is natnral that thr results in these cases were nearly always good 
no mattrr what treatment was employed; the ;>os^ //or, ergo jn'opter 
hor heing enongh for the superficial ol>8erver. If, however, he 
had uscil the KotMitgen rays he would have heen not a little 
surprised to find in such a case the evidence of a fracture; 
while at the same time he could congratulate himself that in 
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spite of his treatment for simple cuntusiiin the result was no 
perfect. 

In the event of displacement the result would be somewhat 
dlEFerent. If the displacement is in the dorsal direction, it is 
not only easily rwognized, but also reduced and kept in place 
without difficulty by the coaptation splints. But il the dis- 
placement, as it often occurs, is ei<tewise, the result may be 
very unsatisfactory, the remaining deformity and disturbance 
of function being considerable. If a common laborer is con- 
cerned but little inconvenience may be caused by it; but if a 
person whose hands must do delicate work, like a musician, 
watchmaker, cabinetmaker, or last, but not least, a physician, 
fur instance, is the victim, badly united metacarpal fragments 
of the right hand may seriously interfere with his professional 
work. 

Reduction of the displaced fragments never oEFers any insur- 
mountable obstacles; but to hold them in place is a far more 
complicated task, and the recurrence of the displacement under 
the usual immobilizing methods shows their insufficiency in 
the end. 

121. The question now is: what is to be our guide in 
eetimating the value of a given immobilizing method before 
consolidation can have taken place? In former years we used 
to judge the value of one or the other method by the final 
result But, now, just as we estimate the value of a germ- 
deetroying method first of all by bacteriological experiment, so 
we are able to judge by irradiation from the very begiuning. 
If the immobilizing dressing is perfect, the formerly displaced 
fragments must be found in exact apposition when ekiagraphed 
through the dressing. Various experiments have shown tliat 
the metacarpal fragments are invariably held in place by elastic 
presBure. For this purpose two rubber drainage tubes of 
moderate size are chosen, which are lightly pressetl into the 
adjoining interosseous spaces so that they fill them up to a 
certain extent. They are kept in place by strips of adhesive 
plaster. Thus the recurrence of the displacement is prohibited. 
The whole is surrounded then, by a moss-spUnt, a material that 
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finger of a lad of 15 years split nearly in halves. The skia- 
graph suggested pressing the two fragments together and keeping 
them in apposition by a strip of adhesive plaster. We confess 
that we never knew of the existence of this fracture-type before. 

123. Tuberculom of the carpus, metacarpus, and phalanges, 
frequent in children, can be well studied and treated under the 
guidance of the rays (see Art. 136). 

124. It was our privilege to discover a pathological condi- 
tion (tenontitis and tenontothecitis prolifera calcarea) which, as 
far as our knowledge goes, has never before been described. It 
concerned a Russian tailor, age 42 years, who noticed a small and 
painless swelling formed in the dorsal surface of his right hand 
11 years before. The size of this swelling increased gradually, 
but sometimes it seemed to be somewhat less. At last it 
became quite large, but until it grew painful no medical advice 
was sought. 

When first examined a globular tumor was noticed on the 
dorsum of the right hand, the size of which corresponded to 
that of a moderately large apple. Its surface was red, its con- 
sistence irregular, some parts of it being hard, while others 
appeared soft to the touch. The center of the tumor was 
occupied by a large ulceration, which was surrounded by several 
fistulous tracts from which turbid sero-pus issued. 

The first impression was that the tumor represented an 
osteosarcoma and it was feared that speedy amputation would 
be indicated. It was decided to consult the Roentgen rays, 
which proved to be a valuable means of information, since the 
true condition was at once precisely defined. A skiagraph 
taken under the influence of intense irradiation showed that 
the third metacarpophalangeal joint was the seat of a focus of 
inflammation. The first phalanx was grown together with the 
metacarj)us. The cortex of the condylar side was totally 
destroyed, appearing as if scooped out with a gouge. By faint 
irradiation the outlines of the tumor appeared well marked. 

A third skiagraph taken under powerful irradiation and a 
short exposure showed the bones faintly, but permitted distinct 
recognition of the various shades of tlie tumorous portions. 
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Tlir liirlit :in':i8 showed the suppurating portions while thee 
>)):uirsrorri'S|um<U'd to the calcareous areae. These, asshowns 
)>\ till' sulwtipu'iit operation, were the predominating elemei 
of tlir tumor. It now became evident that there was a chron 
:ii:l:tnMnat>ry })ro('(>st; probably of a tuberculous nature. 

ri.r (Ntirpatii'ii showed the defect of the bone filled wit 
xili.w .lirr^v iiKisses, tlic H}'iiovial membrane being partiallj 
.ii '^ti.'x t .i ^>t tlir saiiif time. But the most surprising feature oi 
;! < 1 .1:11::. I: u.t> that theoxteiiaor tendons of the digits, except- 
r.-i: !'::< !ir.:Mi!>. :i}pi a rr«l as if cemented into one massofmortar. 
h. 1I:\^!:■ c tl:i> nia>s the knife caused a loud grating sound. 

of ;::• :'::lin on the third finger only a few rudimentar}' 
!.;•>... 1^ :... i i< ::!:i:ni -1. so that it had to be sacrificed entirely. 
n i !..-. .1^ : lit' -..'.•lui and ft>urth extensor tendons were 
K- I • .\'r.'.\\ '• \ :';;•• i «'i;iii'tions. They were, in fact, so much 
i:. ;>■■.: ::..it l'^'.^ a -mall portion Could be felt. The weight 
. i . < ^\ ' .• III. :;:.i •>! the calcareous mass removed proved to 

: « *^» ' ).' .1". >•. 

^l;. :. ><. .m:. .1: cxannnation showed round-cell granulations 
.js-.l ti:. p^.'-M-., !■ .'t ^-tapliylooHvi, hut no evidence of tuber- 
. '« iMi',.!; V\\i:\ \\{\i also tlcposits of phosphates and car- 
l>.>:-:\t«^ .'t .-al. -.;iM). ri'.i- frairmcnts of the tendons showed 
r.ia:-..'..;;-..'!- .^f iIm" i iii*imit.i>< iciilar and the intrafascicular con- 

Itrr.. 5-...\\ .-.n . .'■.»M'.;tNl tlu' ih'u'en crated tissue dark-brown 
xi,»l,\. r ,1 p5i I. tannin chan^cil it into red. Recovery was 
,1.'^^ ar..l .iwl not hccomc perfivt until i) months after the 

,'pi 1 .»H«M1 

NiM^. ^\!ial ^\:is iIjc intcj:ral character of the disease? There 
«:». :\ nnti h 1 icc.cn era tcil icIicchv^ tissu** in the state of necro- 
1m.».c. ^^huh sccin«'«l to have a sort of niafrnetio eflect, so to 
,p, As, ,Mi the ihsM>lved calcarctnis salts, inducing them to amal- 
iMinoe Su» h pctrifactit>n> arc fonnd in tiihcrculous (cheesy) 
lo, 1 o! ihc hmj> an»i not infrc<j\icntly in endocarditis, peri- 
I n.lMi-. \\\ oM plcinitic han»ls, ntcrine niyoniata, and in renal 
««pithi'linm In the >valls of Itlooil- vessels as well ns in degcn- 
ciati^l th\».M«i rjands >\e iiavc had an oppt»rtunity, hy means 
of the Kocnic^cn ia\s. to dethie the mode of i>etri faction. 
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The tendons and their sheaths seem to be but Beldom the seat 
of predilection for calcareous deposits. Still, with the increas- 
ing popularity of the Roentgen rays, more light may also be 
thrown upon the pathology and significance of this hitherto 
unknown disease for which we suggest the name of tenontitis 
and tenon tothecitis prolifera calcarea. (New York Medical 
Journal, April 27, 1901.) 

125. As previously mentioned, the great scientific and 
practical value of Roentgen rays is also evident in the study 
of congenital malformations nf the bones. Skiagraphy of the 
extremities especially has given more valuable information than 
dissection. The exact anatomic diagnosis that it enables us to 
make informs us whether surgical interference in a case of mal- 
formation is possible and, if so, outlines clearly our modus 
operandi beforehand. The ingenious operations of Barden- 
heuei (division of the ulna for carpal implantation) and 
von Eiselsberg (transplantation of the toe), and the work of 
Kirmifison, Vulpius, Middleton, Pagenstecher, von Bardeleben, 
Joachimsthal, Schede, Lambertz, and Grunmach furnish most 
brilliant testimony to our progress in this direction. 

1 30. Polydactyllsm. — Fortunately, the most trefiuent 
abnormality is the one that can be most easily remedied, namely, 
polydactylism. If there is but a rudimentary finger attached 
loosely by a pedicle and containing no phalanges at all, removal 
is very simple. 

But when, as is the rule, there is a true supemnmary digit 
articulating with another phalanx or the head or side of a met- 
acarpal bone, the site of ex articulation must be well known 
before the operation. Otherwise, the better developed phalanx 
may he sacrificed. 

127. Syndactylism. — Syndactylism, while not so fre- 
quent as polydactylism, also represents a large group of cases of 
malformation of the upper extremity and is likewise amenable 
to operative interference. 

Id a case of syndactylism in a boy of 4 months (he 
eecond, third, and fourth digits appeared to Ite fused together, 
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each one of them, however, possessing its own naiL The skia- 
graph showed fusion of the first and second phalanges of the 
third and fourth digits, while their third phalanges were free. 
The little finger was more developed than the slightly deformed 
thumb. The carpus was not yet ossified, and showed no shade 
therefore. Under the guidance of the Roentgen ra^'s it was 
easy to divide the phalanges. The middle finger was protected 
easily by a large longitudinal flap from the dorsal surface of the 
hand. The other two fingers were covered with their integu- 
ment, longitudinal flaps being formed from the palmar surface 
for the second finger, and another one from the dorsal side of 
the fourth. The final result was good. 

128. Congenital Deficiencies. — Congenital deficiencies 

are naturally nmch less amenable to correction. But that sur- 
gery is not without resources even in desperate cases of this 
kind is made evident by the transplantation of a toe to the 
hand, successfully undertaken by von Eiselsberg. 

In hrachijdactyUsin^ combined' with ectrodactylism, the 
Roentgen rays have proved to be of groat value. In the case of 
a lH)y, age 3 months, there were i\\Q rudimentary fingers. 
The jskiagrapli showed the presence of one phalanx of the 
thumb and one of two phalanges of each of the other fingers. 

Under the guidance of the Roentgen rays a flap oj)eration was 
performed, on the principles set forth in the case described in 
Art. 127, l>etween the first and second finger rudiment. Thus 
a fairly good thumb was created. The case, however, offered 
two more p(^ints of interest. In the first place there was a con- 
^fnital fracture of tlie ulna and radius at their lower third as 
was also illnslrated skiagraj^liically. The forearm could be 
l>ent i-asily at tin* <cat of the fracture. After wiring the frag- 
ments, union l»(rjmH' ])t'rfc('t. 

Tiicrt' \v:is. fiirtlii'nimn-. conirenitMl rtnistriction at the region 
of llio s\irLM(;;i1 n<'i'k <'f tin- huini-rus, wlu-rc a deep furrow 
t'ncirrird iIm.' uliolr <ircUMit\n'iu'(' of thr arm. Palpation was 
unable to drtfci any S'»ft tissur^ bt'twftin tin* integument and 
tb»' iM)ni'. An rxpI'vi-atMiy ini'i>ion rivoalr-d tlie presence of 
fragnn-nts nt tljc biifps, trin ps. and di.lioid muscles. Their 
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edges were refreshed and united with catgut. For relaxation 
two deep wire sutures were introduced from without. The result 
is fair according to the last report, 18 months after the operation. 

It may be added that the otherwise well-developed hand 
showed a moderately deep constricting furrow near the meta- 
car})ophalangeal junction of the middle finger, which did not 
seem to demand surgical interference since the skiagraph 
showed its integrity otherwise. 

It seems to us that this special branch of surgery does not 
receive the attention it merits. Considering that in the lower 
animals, as lon^ as in the embryonic stage, regeneration of large 
portions of the head and trunk are possible, it should be 
expected that the new-born child — in a smaller proportion of 
course — also offers more chances for regeneration than the 
adult. If the germinal layer is only present, further develop- 
ment of the tissues can be looked for. If a part of a phalanx is 
properly severed, its individualization is a matter of great prob- 
ability provided the bridge remaining has preserved sufficient 
vascularity for nutrition, that there is no overextension of the 
flap, and that the most minute aseptic precautions are taken. 

Foreign bodies are easily shown in the hand, especially needles 
in the palm often coming under the observation of the busy 
practitioner. Plate XXXVIII is only presented to show that 
even the eve of a small needle can be well shown. 

129. Ueniedylng: a Cliib-IIand. — In a case of con- 
genital clul)-hand associated with absence of the radius and 
ulna, only three fingers and three metacarpal bones were 
present, as became evident by skiagraphic examination. 

The left arm of the boy was normal with the exception of the 
thumb, which was partially ectrodactylie. An attempt was 
made to improve this deplorable condition by creating a thumb 
after the j)rinciples carried out in the case just described. For 
this purpose a dorsal incision was made down to the first meta- 
carpal bone, which was divided longitudinally, thus making a 
kind of bifurcation. The phalangeal end was severed entirely, 
but the carpal end, after being fractured longitudinally, was 
left in slight connection with the metacarpal bone. Thus a 
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new bone was obtained that was surtounded by doxBal as wdl • 
as palmar flaps. There was little trouble during the after- 
treatment How far this new fourth finger can be QtUised oan, 
of course, not yet be known, the child still being nnder 
treatment (See ' 'Congenital Malformation of the Upper 
Extremity," New York Medical Journal, June 29, 1901.) 



lyFliAMMATORY PBOCESSBS AND NBOPIJLaBCe OV* 

BONES AND JOINTS. 

130. Many limbs have been sacrificed by 
amputation and many livjps have been lost by deferred ampate- 
tion on account of errors in difiFerentiating the various inflam- 
matory processes from new growths of the bodes and joints. The 
Roentgen rays have opened entirely new fields in thie sphere. U 
they are not always able to give a positive answer, ihey often by 
the way of exclusion give a chance to arrive at a correct diagnoflos. 

If in a case of obscure swelling of the knee-joint^ for inatanoe^ 
the Roentgen rays reveal nothing else than the absolute integ- 
rity of the joint, osteitis, tuberculosis, syphilis, or a bone- 
injury can be excluded. It is certain then that only the .soft 
tissues are involved. Thus we may, in conjunction with other 
clinical symptoms, be satisfied that we have to deal with a 
rheumatic swelling or a neoplasmoid formation of the soft 
tissues only. But in many instances the Roentgen rays ^ve 
positive information. 

131. Periostitis. — Again, in periostitis as well as in 
osteomyelitis the skiagraphic signs are well marked. Abscesses 
can not only be localized, but their extent is so well 
outlined that the technical steps of the operation can be 
definitely traced in advance. The feeling of security the 
surgeon has while proceeding under the mentorship of the 
skiagraph gives a satisfaction unknown in former years, when 
often the whole femur had to be exposed simply in order to 
ascertain whether all foci were detected. If the Roentgen rays 
show but one focus, no other regions of the bone need be 
attacked. 

In such cases a preceding trauma often oj)ens the avenue of 
infection. The pain, the eden>a, the fever, and general debility 
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may be sometimes so little marked that differentiation becomes 
dillicult. Tlie skiagraph not only clears this difficulty of 
diagnosing this disease, true etiology of which is still so obscure, 
but it also furnishes a trustworthy guide for the operative 
technic at the same time. 

132, Osteomyelitis. — Osteomyelitis is of a decidedly 
infectious character, generally due to the invasion of the 
staphylococcus, which fortunately has a tendency of forming 
circumscribed foci in the vascular tissues of the bone, viz., the 
medulla and sometimes the periosteum. The predilection of 
osteomyelitis is for the long bones of young individuals. It is 
self-evident, therefore, that the early recognition of osteomy- 
elitic foci renders the prognosis of their evacuation extremely 
favorable. 

In the case of a woman of 20 years the slow onset of the 
symptoms did not seem to indicate an acute inflammatory 
process. Pain being present only temporarily, the fear of a malig- 
nant growth was apparently not unjustifiable. The skiagraph 
at once did away with all anxiety, since it revealed the presence 
of periostitic })roliferation8 and a circumscribed osteomyelitic 
focus at the middle of the humerus. The focus was easily 
exposed by the chisel under the mentorship of the skiagraph. 
That the skiagraph had also spoken the truth by demonstrating 
the integrity of the remaining portions of the humerus was 
shown by the speedy recovery of the patient. 

The focus was distinguished by its light shade in the midst of 
the dark shade of the cortex. The regularity of the cortical line 
distinguished it from osteosarcoma and the absence of disten- 
tion from osseous cyst. 

133. Necrosis, and other later stages of inflammatory pro- 
cesses can be represented still more distinctly. The size and 
shape of a sequestra can l)e easily made out. It can further- 
more be ascertained how they are located in .their l)ony coflin, 
whether they still adhere or are exfoliated. Under the guidance 
of the Roentgen rays extraction is very easy. 

In the case of a man (jf 28 vears who had crushed his 
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litth* linger, luiiputation was deferred until septic tenonitis anc 
trn«)ntotlM*(itis liad devel<>p<Ml. The extensive tissue necrodj 
in tlie niimrular interstiirs of tlie forearm necessitated free aod 
deep incisions, wliich showed the radius as well as the vbil 
denuded of its periosteum. Amjuitation was therefore aathOP 
itiitivelv advised, hut nevertheless the elianees for further* 
scrvativt; treatment were taken. Fortunately the process 
confined to tlie forearm and recovery seemed to make Il|tt 
})rogres8. Only a small listula at the dorsum of the foreaxmfii 
not close. Tlic repeated introducticm of a pn>l>e did notxefeii 
the presence of rougli hone, and we were inclined to suppiMI 
our sus])icion of tlie presence of a sequestrum. Our surprin 
was great when tiie lioentgen rays revealeil the presence of \ 
large splinter exfoliated from the imier portion of the radius, th< 
surface of which was covered hy osteophytes. The direction o 
the skin incision, slightly ol»li«jue, was dictated by the positioi 
of the S(Mjuestrnm as sli<»wn hy the skiagrajih. When thesei]ues 
trum was reached it was found to he covered hy thick, fibroui 
tissue at the upper surface, while the inner and lower surface 
were exposed. 'i'his explains why the introduction of th( 
prohe gave no ptisitive inf«»rmation, since it had touched onl] 
\\w lil)n)ns cover and did not conie into contact with the rougl 
lateral or |M»sterior surfare. liccoverv was perfect 11 davs afte 
llir opfnitiou. 'I'hr n-LTciieralion of osse(»U8 tissues can be wel 
^tudinl in sU'li c.-i^es liy the skini:ra]>h. 

Foci of the s;uii»' r]iarart«*r are sometimes formed in tvphoi( 
fever. Th« y nni^t in- treated after tin* same principles, 

WW. In diaL'n-'.-ing inthnnmat<^ry processes in the joint 
;:re:il diiliciiltic.- wvr st'nietiiiies oiTcred. As stated before, in \h 
e.-isr of >tr,ii, rin "fi.iitiy, I tjje integrity of the articular outline 
ai«- uc'li ii!:i:k« '1. 'V\['- »:tiiie a|>[»lies to acute inlianiniatf)rv prn 
r-fs-t « «!.i«- i:t iiif". ; ii.;. 1 !i tli<.' I.Mtb-r event the distension oi tiii 
y-'wii I'V tl:e -. !..!■- ■'! ;-^i:iri-i.t » tTusion may be represented 1'^ 
lli»' skiiiL'inj'li. 

Ill r//.-. ../• ••."..,. ■■./■-.■ ;... ■» . , till- Mrtii-ular l)one line appe-ar 

in ti.t.'tr'fi< till' '•• .ill' -.ii'^ -li tin' !)nn<' epiphyses appoa 
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irregular; they appear like indentations on some portions, 
while others are veiled. 

In iirthritiH (hfonntins the osteitis proliferations are especially 
abundant and are well represented hy the rays. The arthritic 
deposits are recognizable as light shades of the deformed epiph- 
yses, as they consist of translucent uric-acid salts, while their 
periphery is distinguished by a dark sphere. 

Plate XXXIX illustrates the case of a laborer of 50 years who 
sustained an injury of his elbow 11 years before. He reported 
that recovery took place after several months and that the elbow 
had remained stiff ever since. During the last few years inflam- 
matory signs had manifested themselves, which were regarded 
rheumatic. No other joints were involved. Since then he also 
had repeated attacks of pain in the elbow-joint. When we 
examined the patient for the first time we found the elbow very 
much thickened and fixed at a sharp angle. Pressure below the 
external condyle caused intense pain. Crepitus, so often found 
in old arthritic processes, could not be produced in this instance 
as the joint permitted no motion at all. There were no indica- 
tions of tuberculosis, syphilis, or gonorrhea. 

The skiagraph, Plate XXXIX, revealed the presence of mal- 
union (sideward displacement) of the coronoid process of the 
ulna, which probably had given the first impetus for the develop- 
ment of the arthritis deformans, which is especially w^ell marked 
in the external condyle of the humerus. The left condyle shows 
synosteosis with the olecranon. Removal of the projecting 
fragment by the chisel, separation of the adhesions, and the 
partial resection of the external condyle, the seat of predilection 
for the acute attacks, were advised aB therapeutic means. 

135. Arthropathia Tablea. — In arthropathia tabica 
the bone apj)ear8 eroded as in osteoperiostitis, but at the same 
time it is considerably distended. 

136. Tuberculosis of the Bones and Joints. — In 

tuherculosis of the bones and joints the Roentgen rays not only 
give information as to the seat and extent of the tubercular 
areas, but also offer the only means sometimes of differentia- 
tion from other affections, the clinical signs of which resemble 
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it. The walls of an intraosseous focus appear thickened. Some 
portions are translucent and their contours irregular. The artic- 
ular outlines of a tubercular joint have lost their regularity and 
appear diffuse, cloudy, and sometimes shaggy (Plate XVII). 

Jn later stages, when cheesy foci have formed, for instance, 
their areas become translucent. The cortex is sometimes 
entirely destroyed and leaves the impression of having been 
scooped out with a gouge. When there is calcareous degen- 
eration the foci appear dark shaded. 

In the case of extensive tubercular destruction the eroded 
and displaced cartilages can be studied. In tubercular coxitis 
the spontaneous upward dislocation of the femur and the 
separation of its head in the acetabulum can also be easily 
recognized. 

It need not be said that the early detection of a tubercular 
focus enables the surgeon to do a conservative operation, while 
at the late stage of extensive destruction such efforts are futile, 
as it is sadly illustrated by skiagraj)hic examination. 

137. By realizing that socalled oftteosarcovui is the most 
freijuent of morbid osseous growths, and that of all tumors, 
sarcoma oflFers the gravest })rognosi8,' the importance of a 
thorough diagnosis need not be em])hasize(l. The matrix of 
osteosarcoma, like that of all osseous growtlis, is either the 
periosteum or the medulla in combination with the tissue 
originating from their proliferation. 

Periosteal murnma is of moderate hardness and contains 
either round, sj)indle, or polymorphous cells. It attaches itself 
to the bone laterally, but may in its further development 
encircle it entirelv. Periosteal 6ar(V)ma inav become a real 
osteosarcoma at a later stage, when osseous trabccuhv are formed. 

The skiagraph of periosteal sarcoma is (harac'teristic, since it 
shows fine s])i('ulatO(l trabecula' that radiate from the surface. 
Periosteal sarcoma spr('a<ls rapidly and is liiixhly nialignant. 
Whenever the diagnosis lurioMciil sarronm is made, amputa- 
tion shouM l)e insisti-'d on. 

1 «JS. Vjirloiis Classes of Myelogenous Sarcoma. 

Sarcoma originating^' from tln^ me<lulla is called niyelogenous 
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and is of a lees malignant character. It may be claaaitied as 
•oft, hard, alpeotar, and multijUt. 

139. Soft Myelogenous Sarcoma. — Tlie soft myelogeu- 
0U8 variety shows the ordinary sarcomatous texture. Its 
predominating feature la the presence of round cells. It has a 
decidedly more benign character than the periosteal type. 
Therefore, it justifies a conservative attempt, that is, extensive 
extirpation. It produces carious destruction of the spongy 

I portion, which may cause spontaneous fracture. At a later 
stage the osseous shell will yield to the spreading sarcomatous 
tissue. 

This variety has a predilection for the long bones, especially 
their ends, and predominates at the lower epiphyses of the 
femur, tibin, humerus, and radius. Skiagraphs of the soft 
myelogenous variety show the absence of osseous tissue, small 
fragments of which are sometimes left here and there. 

In the case of a woman, age 28 years, who had fallen on her 
hand when it was in dorsal flexion, the faint outlines of bone- 
shell in a soft myelosarcoma were shown. The swelling result- 
ing from the injury produced the impression that a fracture of 
the carpal end of the radius was sustained. 

Three months after the injury, when the patient came under 
our observation for tlie first time, a slight deformity was noticed 
just as it is observed in a badly united fractura of the carpal end 
of the radius. But the consistency of the epiphysial end was 
Boft. The skiagraph failed to show the evidence of bone tissue, 
■_ only one small remnant being left at the outer aspect of the 
radius. Resection was advised, but before the patient submit- 
ted to it another month had elapsed, during which time the 
neoplasm had grown to a great extent. The result wa^ reported 
as being fair 8 months after ihfi operation. 

140. Hard Mfelot^nous Sarcoma.— The hard mye- 
' logeuous variety, generally called eiuludeal, or central, sarcoma, 

also shows the ordinary sarcomatous structure. Its distinguish- 
ing feature is its filjrous texture and the presence of spindle 
cells. Some portions contain various tissues; the spindle-cell 
) often containing giant celts. If smaller or l&rger bone 
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traheoulce are produced, it is called osteosarcoma proper; if there 
are calcareous deposits, petnj)/ing sarcoma; and if tlie tissues 
become vascular, a telangiectatic sarcoma will he formed, so that 
it may be mistaken for an aneurism. 

In later stages, when there is a regressive metamorphosis, 
fatty or cystic degeneration may take place. Then these neo- 
plasms that occur, especially in the femur, til>ia, and inferior 
maxilla, may attain an enormous size. 

The skiagraph of osteosarcoma proper shows more osseous 
tissue than the former variety, but its outlines are very irr^u- 
lar. Osteosan^oma ])r<>per usually commences near the epiphy- 
sis of a long bone. 

The skiagraph of an osteosarcoma proper in a woman, age 
40 years, showed the destruction of the lower third of the 
radius and of a large portion of the carpus. Resection was 
performed; the result was perfect, as was illustrated by another 
skiagraph taken more than 4 years after the operation, which 
showed the regeneration of the osseous tissue. 

141. Alveolar Myeloj^enoiis Harconia. — The alveolar 
variety is characterized by its alveolar stroma, which contains 
nests of large cells. They have a predilection for the bones 
of the skull and the trunk. 

142. Multiple Myelogenous "Sarcoma. —The multiple 

variety (also called mijcloma) is characterized )>y the presence 
of numerous whitish foci, which consist of small, round cells. 
It has the same structure as the lymphoid sarcoma and is 
almost exclusively found in very old individuals, for whose 
skull and trunk they show the same predilection as the 
former variety. 

The skiagniph of the alveolar, iis well :is the multiple typ>e, 
shows the foci as light irregular sliadrs. The structure of 
their type, especially their maiuujr of dcfst roving the preexisting 
bone-tissues, the tliin c)sRe()u.s walls, and tlie trahecula* formati')n, 
is thestandjinint for thfir skiagra])hi(' study. Tlie intra-osseous 
tension is res])onsil)l«' for the rxpansion of the compact osseous 
laver, wliit-h is thus niadr «rr.iiliiallv weaker and at last almost 
entirely (lisappcars. 'riius, we see that it i.- the ai)normal and 
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indefinite outline, or even tlie entire absence of osseous cells, 
the cortex especially disapi>earing, which is more or less char- 
acteristic of the various types of osteosarcoma in contradistinc- 
tion to other bone disease;?. 

As to differentiation it may be said that in aneurism the 
bone would show intact. Attention was called to the useful- 
ness of the Roentgen rays in a case of femoral aneurism, which, 
on account of extremely thick walls, showed no pulsation, so 
that it had originally been taken for osteosarcoma, an amputa- 
tion, then, having been considered. The femur appearing 
intact, it was evident that there was a disease of the soft 
tissues. 

143. Osteoperiostitis. — In chronic oBte^ii^riostitis the 
walls appear insular, but the irregularity is one-sided and 
there is a globular or «pindle-like shape. In tuU^rculr/sis the 
shade will be cloudy or shaggy. In n^teomyelitis the W)rtex 
shows nearly normal outlines. 

144. SypWUs. — The skiagraphic expression of «yphiliii 
is also characteristic. In :he coue&itsil form large riHMiflf^d 
areas are recognized in the eripLyseg t?*at w^'jld apf>«$ar tranff- 
lucent in their norma! carti.azir.o'i* ^XjzAiii'fU. On the other 
handy light areas are noted iz. ie dLaphj-se* a>j an 4:xpn:HH\ttu 
of insnflBcient calcarco:;s dep^Tliioc. Tr.e %yr,'>»t/:/^i« Utween 
the cartilaginoa* epipLyatt ksA :•:* 'zb^y.^y^M erid iL\f\ti^%rn 
as a very marked line, icdi-acir^r V-e xrr^:.rsx:.'h of f^V/^nufim 
salts deposited thcR^ G -i::rsaji ^z^'.-^ rear--*-' ..;(?/» »eha/ied UhI 
Their disappcannce afc«r *m »d:rji.i*rrt.:;.'/:. vf , vJi/1 *4 ff^fUnU 
confirms the diagna 



145. Oweous cyst- — 0%Kr>u* vT*r. ^r.wir jr •r.e tokUH' 
clinical sigiDS as OBCaaaarxciA. zzaj ^ati^,,r '^, '/,k,\..u'UA ^ah 
it. Bot ID QSMOCf CT«L »i£> \:j»iTH ,* v-.e ^x-:.^, *. .//}t,y na 
in osteosucoma. tbt rr* ri v..*^ v.'-vt -r, v///,.'/, 'yf iu 
thinness, ai»pcais riajryv. -.r.- ▼*-,. .v.f4,*r; i-/: :^; , a* 7 he 
fluid center of coBKrx tj*- r*r.,c.*r> v> »r ijr/t;.' v^'./, ,'jr/4 
the ligjit flfaade Ki.-w^rjr Vj»: ei.-.-> '-/.<' j V - >.',^ >./>/,• 
epiphjMS an alHr EiiiKHA. ..i -.^t*^.'..* .• *\* .*,, ,,^^.,^4 ,j 
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these various affections being different, the importance of a 
correct diagnosis is evident. 

Osteomyelitis, necrosis, tuberculosis, syphilis, and osseous 
cyst demand conservative measures, while sarcoma calls for 
• the most radical treatment. 

The grave prognosis of sarcoma arms the surgeon against 
any feeling of sentimentality. Under such fatal circmnstances 
he may not shrink from advising one of the most mutilating 
operations, because he knows that otherwise not only a limb, 
but also life will surely be lost. 

On the other hand, how painful must it be for a surgeon 
to find that because of his error of diagnosis such radical steps 
have been taken unnecessarily; that, in other words, an extrem- 
ity may have been amputated where only an osseous cyst 
existed, which could have been cured by simple incision. 

It is indeed not very difficult to confound the two diseases. 
As emphasized in Art. 137, osseous cysts resemble osteosar- 
coma in its slow, painless onset, often preceded by an injury; 
in the gradual bulging of the area involved; and in its 
preference for youthful age and the long bones. These being 
characteristic features of osteosarcoma, as well as of osseous 
cyst, it is evident that the differential diagnosis cannot be made 
by considering the history, nor by inspection, nor by palpation. 

The fact that the interior of an osseous cyst is filled with 
opaque bloody serum and that its walls are lined with a smooth 
coat, while in osteosarcoma solid masses aro formed, indicates 
that an exploratory incision combined with microscopical 
examination would clear the question of diagnosis. 

But the Roentgen rays give us more valuable information 
than the exploratory incision itself, and for the patient a 
Roentgen ray exposure is certainly more agreeable than an 
exploratory incision. Should an operation l)e decided upon, 
the microscopic exaniiuation can then he made. 

At the early stage, osseous cysts, he tliey at the til)ia or at 
the fen.ur, are easily overlooked, the symptoms bein^ insignifi- 
cant. Sometimes there is ii very slight })ain that comes and 
goes. The joints arc; freely movahle, and neither inspection 
nor palpation reveals any ahnormality. After several months 
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liave elapeed, the circiiniference of the extremity may appear 
very slightly enlarged, but it may not be before a fall on the 
thin shells of the cortex has produced a frac^ture that the 
eymptoins are fully appreciated. 

146. Osteoma, — Other osseous diseases, like osteoma, 
osteomalacia, and chondroma, also offer some Ekiagraphic pecu- 
liarities in proportion to their various textures. Usteoma, of 
course, shows the shape of the osseous deformity, but there is 
a normal architectonic structure. 

147. Osteomalacia. — On .account of the dissolution of 
the calcareous salte, osteomalacia is distinguished by the absence 
of an osseous ahade. In contradistinction to osteosarcoma the 
whole bone appears translucent. In chondrovia there is a. regular 
light shaded area according to its cartilaginous character. 

148. Acroinegraly. — In acromegaly the phalanges of the 
head are broader than normal and show no osteophytes, while 
their epiphysial ends are thickened. The long bones appear 
stratghter and broader than normal, i^ome of the carpal as 
well as of the tarsal bones are distinguiBhed by the presence 
of exostoaee. 

149. In vu/xedetna the epiphysial lines of the long bones 
show premature synosteosis. 

150. In syringomi/eiia the epiphyses of the long bone are 
hypertrophied and show rich osseous proliferations, which, 
however, contain but few calcareous salts. 

151. The changes in rachitis on account of the absence of 
calcareous deposits are characteristic They resemble those of 
osteomalacia, from which rachitis is distinguished by the irregu- 
lar arrangement of interspersed osseous structures as well as 
by the deformed shape of the bones. 

152. IncrHinism similar conditions are found, the epiphyses 
being nearly invisible while the diaphyses only show distinctly. 

153. Itiiynaml's Dluease. — A peculiar condition of the 
bones was discovered in Raynaud's disease. A woman of 40 
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years, who had been well until M years ago, noticed a slight 
pain in the index flnger of the left hand. At the same time 
she noticed a marked [Killor of the whole finger. Four months 
after the sudden onset of the pain repeated congestion was 
observed in the region of the second and third phalanges of the 
same finger, which continued until about (5 months after the 
onset of the first symptoms, the tip of the finger becoming dry 
and black. Amputation was then performed. The patient 
regained and kept her health until 6 months ago, when the same 
pain and pallor extended symmetrically over both hands. 

When the patient was seen for the first time a great pallor 
of the third, fourth, and fifth fingers of the left hand and of the 
little finger of the right hand was noticed. The second, third, 
and fourth right-hand fingers wen? n)oderately anemic. Some- 
times the color changed into a cyanosed appearance. 

Both hands were very cold, just like true gangrene. No other 
parts of the body were aiTected. There was no fever. The 
examination of the urine was negative. Tlie patient did not 
seem to be hysterical, !)ut ai)parently suflFered intense pain 
sometimes. 

The skiagraph showed atro[)hy of the upper end of the third 
phalanges (second phalanges of the tliuml)s) and osi^eous prolif- 
eration at the upi>er end of all second phalanges (first of 
thumbs). The third i>halange8 appeared triangular and 
resembled claws. 

A similar condition was found in a feeble man, age 30 years, 
who, at the present time, has fully recovered. The onset took 
place in the toes of his right foot, gangrene of the whole foot 
becoming complete 2 niontlis afterwards, so that Syme's ampu- 
tation was performed. Skiagra[>hs taken of the foot before and 
after o])eratinn showed notliin*: abnormal. Hut 1 year later the 
disease <*()miiieiieo(] in Itotli liands to a ni(>(h*rate degree. The 
iiufirrs were covered witli coM sweat and n-d and blue patches 
s«»nietinie>. 'i'lir tii» "f tlir U-U index liiiL^'-r toL'etlier with the 
u|>|M'r end <»f tlir third pliiilanx IxM-anir ^anL'renous. The 
patient was tnatt.-d witli Mr.-cnie and loeal /gentle massage. 
The nutrition of th<- lont^ is mM<-h more di.-lurhed bv this 
sphynx-like vasomotor l«-ioii, llian i> assumed. It would be 
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well worth while to study these phenomena more extensively. 
The skiagraphic characteristics described, however, are not 
expected to serve as su])stitutes for our well-tested clinical 
methods of diagnosis, but should be regarded as a valuable 
adjunct in general, and sometimes as a determining factor in 
doubtful cases. 

TBLERAPEUTIC VALUE OF ROENTGEN 

RAYS.* 

154. Soon after the utilization of Roentgen's discovery 
reports of extensive dermatitis and gangrene of the integument 
were published, which disturbed the public mind in a deplor- 
able and unjustifiable manner. But, especially since the time 
of exposure is now so much shorter than during the earlier 
stages of the art, the possibility of originating skin irritation is 
extremely small. 

It is undeniable that a peculiar trophoneurotic idiosyncrasy 
exists in a few individuals, but in the great majority of known 
cases the bums of the skin were caused by the lack of knowl- 
edge of the unskilful operator, the tube often being too near the 
subject, or by too prolonged and too often repeated exposures. 
Such accidents are not surprising, so long as laymen, such as 
opticians and instrument makers, who understand nothing of 
the anatomy and physiology of the skin, are entrusted with the 
''manufacture of skiagraphs." 

155. The question of proper dosage must be perfectly 
understood by the operator. A person, for instance, that 
irradiates a patient suffering from some skin affection every 
day intensely for a whole hour, irrespective of the reaction 
following such a radical procedure, so that gangrene occurs, 
has just as little business to do skiagraphic work as a shoe- 
maker has to prescribe moq^hin. 

Since February, 1896, we have made nearly 4,000 skia- 
graphs, and have never observed the slightest irritation of 
the skin in any case in which the rays were used for diagnostic 

*6ee also Therapeutics of Roentgen Rays in Electricity in Surgery, 
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purposes, except lately when we experimented with very power- 
ful tubes. A very stout man, who after having suffered from 
pyothorax for more than 2 years and who still presented an 
open cavity, was irradiated for the purpose of determining the 
extent of rib-resection performed previously. The pleurae had 
become very much thickened, which explained the diflSculty 
of penetration. Nine exposures had to be made in short suc- 
cession until a satisfactory plate was obtained. One week 
after the last exposure dermatitis of the irradiated area set in, 
from which the [)atient did not seem to suffer much. In fact, 
he took the itching sensation felt as one of the many 
annoyances of regular wound treatment. The therapy con- 
sisted in the application of boro-salicylic solution during 
the acute stage, which lasted 5 days. When the epidermis 
began to peal off, dermatol was dusted on the surface. 
Recovery was perfect after 3 \veeks. The scar is still notice- 
able, after 3 months. 

With the ordinary tubes two cases of circumscribed depila- 
tion were observed. In both patients the skull had to be 
skiagraphed frequently and at short intervals. In one case 
depilation began after the fifth, and the other after the sixth, 
exposure, and in both instances the hair was perfectly restored 
3 weeks afterwards. 

Changes in the pigmentation of the integument or in the 
growth of the finger nails, congestion, inflammation, and 
necrosis of the skin are reported. While experimenting with 
the powerful tubes, \vhich were responsible for the dermatitis 
described, we observed cessation of perspiration on the dorsal 
surfaces of our hands, so that \ve had to stop work entirely for 
several weeks, when normal conditions were restored again. 

To protect the operator it has l)een advised to use the 
patient's hands for ascertaining what degree of translucency 
is shown by the tube. But while this is no doubt the simplest 
way of s('lf-[)rot('ction, it is not in accord with the principles 
and the spirit of tlic nol>lest of all ])rofessions. 

We hav(* suggested the wearing of gloves lined with tin-foil 
during examination, the hands t(.) he used alternately for ascer- 
taining the degree of translueeney. The Ihioruscope recently 
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devised by Levy-Dora also protecte the hands of the operator 
to some extent and can be recommended for that purpoge, 

Exceseive irradiation endangers the hand of the operator. 
One of the most promising German investigators burned his 
hands to such an extent that, first, amputation of the index 
finger and, later on, of the arm was necessary. Tbe victim of 
science being of pour health at the time, his death from the 
shock of the operation is explained easily. 

156. It was not more than natural that these properties of 
the rays were soon utilized for therapeutic purposes. Cases of 
hypertrichosis, or njtvus vasculosus, of all the various types 
of eczema, psoriasis, and sycosis, have been reported as cured 
by the rays. Tliere can also be no doubt that parasitic skin 
diseases such as lupus vulgaris and erythema yield to the 
rays. Sycosis parasitica as well as n on- parasitica and favua 
have been cured after one exposure. 

In a case of sycosis parasitica that had existed for 6 years 
and had resisted the usual methods of treatment, a perfect cure 
was obtained after an exposure that lasted 7 minutes only. 

In a case of lupus of the inguinal region, a perfect result was 
obtained. After the sixth exposure, inflammation of the lupus 
area began and the nodules shelled out, together with the 
destroyed tissue. In their place a light red ulcus remained 
tliat bled at the slightest touch and which did not cicatrize 
until 9 months after the last exposure. In such cases trans- 
plantation is generally indicated. It goes without saying that 
this mode of treatment, while most effective,- is very annoying 
to the patient, whose gratitude to tbe physician is somewhat 
restricted on that account, even after perfect recovery. 

In some of the cases reported the nodules did not shell out, 
but shrank, presenting the appearance of having been painted 
■with varnish. 

157. A great deal, however, can be done to limit the ill 
conaequencee of the irradiation treatment of skin diseases, 
which should not be resorted to unless all other therapeutic 
measures have lieen exhausted. Under proper precauliona the 
ill eSecis of the rays can be avoided. In the first place, the 
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healthy parts in tlie vicinity of the diseased area should be pro- 
tected by sheete of tin-foil. Then the patient's subjective con- 
dition should be ciirefully watched. As soon as there is a 
slight burning sensation or itching within the irradiated sphere, 
further exj)08ures must be stopped. 

158. For therapeutic purposes the tube should be as near 
the diseased area as possible, and the time of the first exposure 
should not be longer than 10 minutes. Later on, if no reaction 
occurs, the irradiation may be kept up for from 20 to 30 
minutes. In lupus, as many as fifty exposures may be neces- 
sary to destroy the nodules. In obstinate cases exposures may 
be made daily. 

During the intervals the diseased area should be powdered 
with amylin or dermatol. In the event of relapse, the same 
treatment n)U8t be commenced again. 

It is necessary to individualize, just as in other therapeutic 
indications. Some individuals show signs of irritation after a 
few exposures, and others do not react until after frequently 
repeated and intense irradiations. 

At first these remarkable results w^ere explained on the 
theory of bactericidal influence of the rays. But it seems 
that their effect is of a decidedly electrochemical character, the 
congestion caused by the irradiation being mainly responsible, " 
just like the artificial hyj^eremia in tiil)erculosis. In disturbed 
nutrition of the skin the inflammatory reaction produced by 
the rays sets U]) an alteration in the circulation of the affected 
spheres. 

1 59. Bacteriologic experiments have shown that the rays, 
a|)plied directly after inoculation with anthrax bacilli as 
well as with streptococci and staphlocoeci, had no effect. 
But ])ure cultures of cholera, typhus, and (li|)htheria died after 
an exposure! of 4.S minutes to intense radiation. It seems that 
various bacteria react diiTcrently. aceordin^^ to the quality of 
the ))lasnia aixl the de^ri-e of the fluid they contain. 

!(>(). The good results obtained recently in the treatment 
of cjiithehonia induced iis to tiy irraihatiou iu sarcoma. The 
i»atient. a stroULdv huilt c<M)|)cr of :>(; vi'ars, remembers that 
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ever since 15 years Ik? observed a small black speck (mole?) at 
tluj region of his external malleolus. About 1 year ago it 
assumed the appearance of a common verruca. A continuous 
increase in size was observed then. In November, 1900, the 
*^ verruca'' became sensitive and the surface began to excoriate. 
Carbolic acid baths were now prescribed by the patient himself 
and faithfully used, until about Christmas thegrowtti had reached 
the size of an api)le. It was not until then that the patient 
became afraid and consulted his family physician, who referred 
him to the St. Mark's Hospit^il. 

On I)ece!nber 24, 1?)0(), he was found in the following con- 
dition: The strongly built patient showed a healthy appearance. 
He achnitted being a potator. The family history was good. 
At the regirm of his left external malleolus a tumor of the size 
of an apple was noticeable. Its consistency was moderately 
hard, its surface of a smoky gray color, and.seemed to have origin- 
ated fnnn the confluence of a number of small wart«. It could 
n(>t bi^ dislodged from its l>aKe. The inguinal region contained 
a gland of the size of a walnut. 

At first the diagnosis lymphosarcoma was made and amputa- 
tion was |)roposed, but the patient refused to submit to it. 
His family also being adverse to such radical steeps, we con- 
tented ourselves with extirpation of the tumor and of the 
inguinal gland. The apparently healthy periosteum of the 
externa malleolus was removed together with the neoplasm. 
Recovery being perfect in a few days, the patient left the 
hospital. 

Microsc(4)i<'al examination of the growth revealed the pres- 
ence of pigment that [)roved that we had to deal with melano- 
s.irconia, the most malignant type of sarcoma. The patient 
returned t«) the hospital weeks afterwards. The same tumor 
slmwr.l at the outc»r malleolus again, but it was somewhat 
bpM'ier and tlatteniMl. Its margin was encircleil by a few 
l»lui<li-l)lack nodules of the size of a pea, which could be com- 
panil with liemorrlioidal nodules. A glandular convolution of 
tin- -i/c of a go()se egg had developed in the inguinal region 
in tlie meanwhile. Extirpation was performed again. The 
])atient withdrew from treatment 2 weeks afterwards, his excuse 
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being that he felt perfectly well again. Four weeks thereafter 
he presented himself again with a relapse. This time there 
were about 30 dark bluish-black grape-like nodules of various 
sizes. The larger nodules bled easily on touch. The inguinal 
region showed a tumor of the size of the head of a new bom 
child. At the inner surface of the leg, especially alongside the 
inner border line of the calf, several dozens of nodules had 
originated that closely resembled those of the tumor itself. 
Their size varied between that of a head of a pin and a cherry. 
Extirpation was done once more. The microscopical examin- 
ation of the removed portions showed the alveolar character 
and deposits of pigment in the large cell-nests as well as in the 
small cells of the supporting tissue. One of the specimens 
was colorized with hematoxylin and esin and a second with 
van Giesons' fluid. 

The patient would not have submitted to amputation, but 
regarding the metastasis in the inguinal region, the prospects of 
such an operation at this late stage would not have been 
promising. Serum- treatment was now considered first 
Although we had never experienced any benefit in a fairly large 
number of malignant cases, still we regarded its use justifiable 
in such desperate cases. But at the same time the thought of 
Roentgen therapy suggested itself to us. The excellent resultii 
obtained in lupus and other skin affections by Albers- 
Schoenberg, Ilahn, ScbifT, Freund, Ziemasen, Kiinimell, 
Muehsam, Holland, Sclienkel, Jutassy, and Neisser, could also 
be corroborated by us (see Irrtuenier der Roentgen ographie, 
Deutsche Medicinalzeitung, OCX), No. 51, and Fractures, With an 
Ai>pendix on the Practical Use of the Roentgen Rays, Phila- 
delphia, 1900). In epithelioma of the lower eyelid and of the 
cheek we obtained a i)erfect result after a few exposures only. 
Without entertaining audacious ho]>e8 we began to irradiate the 
defect left after the last extirpation. The time of exposure 
was at first 10, then 20 and oO, and at last 15 minutes. When 
the exposure lasted 4') minutes the ])alient felt an itching sen- 
sation over the whole leg, which lasted for several hours. 
Irradiation was done 7 times. .\t the end of 6 weeks not 
only was there no trace of a ^-elapse, but a number of the 
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metastatic nodules of the calf, especially those near the area 
of the irradiation, bad disappeared; some others had shrunk. 

The inguinal tumor became larger during the time of this 
treatment. It is our intention to remove it again and to irra- 
diate the wound area left as soon as there is a possibility. 

As mentioned- before we are far from indulging in adven- 
turous hopes. But such experiments are justifiable in so 
desperate a case, even if they should be without any result. 
But the fact cannot be denied that in great contrast to the 
former course after precedlug extirpations, no relapse was 
observed, and what is still more interesting, well developed 
sarcomatous tissue shrank and cicatrized. This proves the 
influence of the rays beyond doubt. How far this influence 
goes, however, is not demonstrated by this observation and 
further experiments have to clear that up. 

161. We venture to call attention to the fact that since 
Heidenhain proved the existence of carcinoma cells below the 
fascia in carcinoma mamma>, surgery has drawn the practical 
conclusion that the pectoralis major muscle — or at least its 
superficial stratum — must be removed, since no surgeon at the 
present time would ejt[iect recovery from the mere extirpation of 
those cancerous portions that are microscopically visible. 

If the carcinoma cells have advanced so far that they have 
ceased to be accessible to the scalpel, speedy relapse can surely 
be expected. Now, if we had a means that would, after 
thorough removal, penetrate the deeper strata so that those 
carcinoma cells that are situated beyond the reach of the knife 
would still be attacked by it, and perhaps destroyed, or at least 
arrested in their further development, the question of the 
therapy of cancer would be solved. 

If the parasitic nature of carcinoma will be proved some day, 
the effect of an antiparasitic medium can be easily understood. 
The Roentgen rays possess antiparasitic properties to a certain 
extent. TJieir therapeutic significance is still sphynx-like. 
But it can safely be maintained that their effect is sui generis 
and cannot be compared with that of Paquelin's cautery or of 
the obligate mustard plaster, 
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These views may, it seems to us, be applied to the sarcoma 
question. The danger of burning the patient is not small under 
such ])0\verful treatment. While? experimenting, other parts of 
the body must be protected with tin-foil and the operator him- 
self should wear gloves lined with tin-foil. The danger of 
Roentgen ray dermatitis, however, should not have great weight 
in a malignant case. For the poor therapeutic results reported 
by some investigators the fear of using a strong current may be 
held responsible. If a strong effect is desired, intense irradiation 
must naturally be used. The patient, of course, should be 
informed about the risk. 

In revising this report 3 weeks after the demonstration, the 
defect at the outer aspect of the malleolus was perfectly 
cicatrized. After 9 weeks no relapse had been observed. 
The inguinal tumor was removed on the day after the demonstra- 
tion, as intended, and now the inguinal area is also irradiated. 
The disease had reached a stage in which final recovery can 
hardly be expected, and it is to be regretted that the thought of 
Roentgentherapy did not suggest itself at an earlier period. 
Further reports on the fate of the patient are reserved. 



FALSE IXTERPRETATIONS OF THE 

KOE^TGEN RAYS. 



ITS MEDICOIiEGAI. ASPECTS. 

162. The ease with which some of the small bones of the 
human l>ody can be reproduced by the rays on a photographic 
pliilc led many medical novices, and even laymen, to the 
indiscriniiniite use, or rather ai)use, of the new discovery. It 
is little wondrr tlint the results of such an abuse of the rays 
were sooii hem Med and inisa])])lit'(l by oflicious friends, incon- 
sidoniti.' (w>nt'ivrt's. and last, but not least, l)y certain memi)er8 
of the le.ua 1 profession. 

In order to avoid errors, it should never he forgotten that a 
so-(';illr(| RnentL^en rav picture is l>y no means an ordinary 
ph<»toii;raph of an object, but only a silhouette (skiagraph), 
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that 18, a photograph of it* shadow. To int«rpret such shadows 
properly, a thorough knowledge is required of the normal ana- 
tomical relations of the tissues, especially of the hones that 
produce such shadows. As the most minute gradation of 
density is registered, it is important to he thoroughly ac(iuaint«d 
with the anatomical relations of the bones producing the 
doubtful shadow. The (juestion, then, will he whether the 
supposed shadow is normal or not. On certain portions of 
the skeleton the muscles and tendons will naturally cauae 
obscure shadows. The carpus is especially prone to pro- 
duce such errors in the skiagraph; the tuberosities of the trape- 
zium, the scaphoid, the hamulus ossis hamati, the oh pisiforme, 
and the eminentia; carpi volaris, radialis, and ulnaris double 
up the thickness of the carpus, thereby causing dark shadows 
that might be mistaken for foreign bodies. Similar considera- 
tions and similar cautions apply to other diagnostic opportuni- 
ties offered by the rays. 

163. Projection Plane. — It a skiagraph of the human 
hand, for instance, is taken, the plate will show the least light 
where the bones rest, while the soft tissues appear opaque. There 
is also a difference o! opacity according to the thickness of the 
tissues, their blood-supply, and their air capacity. The foot, 
while easily skiagraphed in the direction of the dorsum toward the 
planta pedis, from the toes to the upper third of the metatarsus, 
presents an obstacle farther backward in the first and third cunei- 
form bones and the scaphoid, so that it is necessary, also, to skia- 
graph the toot on these portions transversely by having the outer 
surface rest on the support. It is by this procedure only that 
the isolated shadows of the astragalus, the calcaneum, the os 
cuboidum, the scaphoid, and the fourth and fifth metatarsal bones 
can be distinctly outlined, so that false interpretations may he 
excluded. In the early era of the Roentgen rays, the normal 
sesamoids were, also, sometimes incorrectly interpreted. 

How important the knowledge of minute anatomic details 
is, especially of non-pathological abnormalities, will be evident 
from the tact that the os intermedium cruris (os trigonum tarsi) 
has been mistaken tor a fragment severed from the astragalus. 
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] 64. It should also Ix^ l»orne in mind that the significance 
of a skiagraph for the purpose of estimating tlie degree of 
functional dimhUitif is not always conclusive. A skiagraph 
may show a considerable degree of bony deformity after a 
fracture, and still the function may hardly l)e disturbed. 
Skiagraphic test has shown that, as a whole, even our best 
functional results do not always show ideal union. An 
unscrupulous patient that secures possession of a skiagraph 
of his own ciise, which shows considerable deformity, may, 
although there is no functional disturbance, strongly appeal 
to a jury on the strength of his skiagraph, if he succeeds in 
simulating great impairment. On the other hand, there may 
be but little evidence of bone injury on the skiagraph, but 
there may be severe impairment of function on account of 
the injury of the soft tissues (circulatory, trophic, or inflamma- 
tory disturbances) that can l)e represented only faintly, if at 
all. This shows the necessity of considering all the clinical 
sym])toms in connection with the skiagraph. 

165. While it is easy even for a layman to understand 
the significance of most skiagraphs, there are, as has been 
mentioned, injuries, the correct interj)rotatit)n of which pre- 
supposes, besides thorough anat^)mic knowledge, the greatest 
care and a vast amount of exj)eriencc as to the different modes 
of delineation in various i)rojcction planes. 

The greatest diagnostic dilliculties are offered by the joints. 
The more complicated the joint is, the- more complicated, 
naturally, will the skiagraphs of its various positions appear. 
It is especially the elbow-joint and hij)-joint that are kept in 
view. First of all, the interpretation of the displacement 
caused by suj)racondylar fracture of the humerus and the 
dfforniities n-sultin^ from it later on may tax the power of 
discrimination considerably. The older the fracture, the less 
conspicuous tln' fraclurc line will a]»pear. In old fractures the 
lines cMunot l>c re{>reM-iih.Ml as siicli, and it is only in the 
ca-e of n iminn in a <li-place(l jw.^ition that its features can 
)•(• nues-ed. In tlie «:ise dF a Woman, a_L"e 7(* vt^irs, for iustauce, 
a second ^kia^rapli taken .'> years after a supramalleolar fracture 
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was BUsUkined showed essentially the same features as the firet, 
which had been takt?n -1 weeks after the injury, because of the 
marked displacement of the fragments. 

166. Ill case of the entire absence of displacement, it is 
only a very distinct skiagraph that shows the line clearly. It 
is natural that in such cases there is no skiagraphic evidence 
after recovery — that is, in 4 to 10 weeks, according to the type 
of the fracture. Should a court, for instance, doubt, in euah 
an event, that there had been a fracture, the skiagraph takea 
after such a period might show a negative result, although 
there surely waa a fracture. In some cases, as stated before, 
a very distinct skiagraph, taken only 2 months after a well- 
proved fracture, sliowed no signs of it. Had such a case not 
been skiagraphed shortly after the injury no evidence of the 
fracture could have been suhsefiuently obtained. When no 
displacement exists, only a faint fracture line will show, but 
the presence even of a small amount of callus leaves no doubt 
as to the previous existence of a fracture. 

On the other hand, callus formation may under extraordinary 
circumstances be so abundant that, in spite of the absence of 
displacement, the fullest evidence of fracture may still )je 
furnished after months have elapsed. In one case callus 
formation was bu excessive that the attending physician was 
accused of malpractice, and it was only the skiagraph that con- 
vinced the patient that his physician had treated him correctly, 
the bones being in perfect apposition, and thus exonerated tlie 
practitioner. 

167. The intra-articular type of fracture offers the greatest 
diagnostic difTiculties, inosmucli as the fracture line is often 
obscured by the callus formation. If, however, a skiagraph of 
the other joint is made at the same time, in the same [losition, 
and in the same projection, the various delineations of the 
shadows will be correctly understood and interpreted. 

168. A tiomial skeleton should also be compared with the 
skiagraph. It should be particularly reniernljered that certain 
pathologic conditions, such as rachitis, for instance, influence 
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the outlines of the bonee and may deoaptiTelx be mippoMd to 
represent a portion of the injury. In such an erant a akiagnph 
of the fellow extremity will set matten right In vny young 
children the emineutia capitata appeaxa u if entireiy Mrcnd 
from the humerus, although the relatdony are iJjBolatoly Dor- 
mal. The explanation of this very important pheDomaoan k 
' that the epiphysial tisBues are not sufficiently osRifled to psodnoQ 
s shadow on ttie plate. If these poinla are not thoiOQ^y oon- 
aidered a displaced fragment of a fracture mi^hi riiuse an erro- 
neous diagnosis. Union between the epiphyeif nnd diaphysis 
of the head of the humerus is not perfect befori? the ttventi<^Ui 
year. The lower epiphysis of the humerus cbn«ists of four nuclei 
that ossify between the eighth and serenteentb years. The ept- 
physis of the trochlea as well as of Uie olecranoii ossify between 
the seventh and twelfth, years, which explaine why an oaeeous 
nucleus that is still connected with its neighlioring epiphysial 
nuclei and the diaphysis by cartilaginous tiasiie apjiears as tin 
isolated piece of bone which might erroneously be mistaken for 
a fragment The acromioclavicular junction simietimea shows 
in the skiagraph a hiatus of the width of a Sutler 8o that a diae- 
tasis of the joint may he assumed (see Plate X^VI). But eince 
our knowledge of this new subject has increaeed, wu know that 
this apparent diastasis is by no means pathological and that 
there is a normal gap between the osseous enda of the acromion 
and the acromial end of the clavicle. The upper epiphysis and 
the diaphysis of the radius unite between the seventeentJi and 
the eighteenth year. During the early wort; with Roenlgvit 
rays the translucent space above the epiphysial cartilage in 
children was erroneously taken for a fracture line. The head of 
the femur unites with the diaphysis at the eighteenth year, 
and the lower epiphysis follows after the twentieth year. The 
upper epiphysis of the tiliia unites with the diaphysis in the 
twentieth or tivcnty-seodiid yp;ir, while the lower tibial ^ipb- 
ysis unites with the dijiphy-sis between the eighteenth and 
nineteeiitb years. 

169. Fur the thorough interpretatiou of gkiagraphs in 
children, it is important to kn<iw ibut at birth the diaphysee 
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of the radius and ulna are ossified, while their epiphyses as 
well as the whole carpus are still cartilaginous. It is not 
hefore the seventh year that an osseous nucleus shows at the 
lower epiphysis of the ulna. Union with the diaphysis some- 
times begins with the twelfth year, but as a rule not before 
the fifteenth. Even then a small epiphysial disk remains, 
which does not disappear before the seventeenth year in the 
female and not before the nineteenth year in the male. 

The osseous nuclei of the carpus show at different periods, 
viz., at the os capitatum at the fourth month; at the hamatum 
at the fifth month; while the triquetrum shows its nucleus 
between the second and third years, the lunatum between the 
third and fifth, the naviculare between the fifth and the 
seventh, the trapezium and the trapezoid between the eleventh 
and the fifteenth year. After 5 years the capitatum, hama- 
tum, and triquetrum have assumed their regular shapes, while 
the others, with the exception of the pisiform, are perfectly 
developed at the twelfth year. 

The osseous nuclei of the epiphyses of the metacarpal bones 
show at the second year, their synosteosis with the diaphysis 
taking place between the twelfth and seventeenth years in the 
female and at the age of nineteen in the male. The epiphysial 
nuclei of the phalanges are ossified between the fourth and 
fifth years, their synosteosis with the diaphysis taking ])lace 
at the same age as that of the metacarpal bones (from the 
twelfth to the seventeenth year in the female and between 
the sixteenth and nineteenth years in the male). 

170. Regarding the elbow-joint, it must be considered that 
an osseous nucleus appears at the medial side of the capitulum 
humeri between the second and third vears, another one in the 
internal epicondyle at the fifth year, a third in the trochlea 
between the eleventh and the twelfth year, and soon afterwards 
a fourth in the external epicondyle. The nucleus of the internal 
epicondyle unites with the diaphysis between the sixteenth and 
the twentieth year; but the other three nuclei form a synosteosis 
among themselves at the seventeenth year and then form the 
uniform osseous epiphysis, which completes its synosteosis with 
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the diaphysis at about the twentieth year. In the capitulum 
radii an osseous nucleus appears between the fifth and seventh 
years, and in the olecranon between the sixth and eighth years, 
both uniting with the diaphysis between the twentieth and 
twenty-fifth and between the sixteenth and twentieth years. 

171. Regarding the knee-joint, it must be considered that 
the lower femoral e])iphysis contains an osseous nucleus at birth, 
while the nucleus in the tibial epiphysis shows shortly after- 
wards. At the fourth year both these epiphyses have completed 
their development, but they do not unite with the diaphysis 
before the fifteenth year. Textbooks on anatomy say that 
union takes ])lace between the seventeenth and the twenty- 
fourth year, but 8kiagraj)bic experience points to an average 
period of only sixteen. The osseous epiphysial nucleus of the 
fibula appears between the second and the fifth year and 
unites with the diaphysis between the eighteenth and the 
twenty- fifth year; but skiagraphy dates this period earlier, viz., 
the fifteenth year. The osseous nucleus in the tibial spine 
appears between the eighth and the tenth year; the epiphysial 
line between it and the diaphysis disappears at the fifteenth 
year. 

172. As to the bones of the foot, it may be said that the 
lower epij)liyse8 of the tibia uihI fibula show their osseous nuclei 
in the first and so('(»n(l yt^irs and unite with the diaphysis 
between the oighteonlh and the twenty-fifth* year; according to 
skiagraj)hs, as early as before iheeighteenth year. The osseous 
nucleus of the astragalus ami ealcaneum aj^pears in utero, that 
of the cuboid shortly before or after birth, that of the cuneifonn 
bones between the first and the fifth year, and that of the os 
naviculare from tlie first to tlie (iftli year. The osseous nuclei 
of the im-tatars:d liones and of tlie tiiaphysis between the six- 
teenth and tlit^ twentv-seeond vear. 

] 7«J. In ell)o\v-j')int fractures occurring in childhood it is 
necessary therefore to tak«- at least two skiagraphs in different 
projection planes and to compare tliem thoroughly with the 
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normal fellow. In a caee of a fracture of the femoral head, 
for instance, the deformity had appeared three times aa large as 
it actnally wae, on account of inappropriate projection. The 
degree of shortening of the limb was overestimated accordingly. 
This shows the necessity of considering the clinical symptoms 
and data in connection with the skiagraph. 

In fractures of childhoml it should also Iw remembered that 
the process of ossification is influenced hy variuus a£fections of 
the bone, as for instance, by rickets. 

1 74. The importance of the question of projection becomes 
evident wlien we consider that grave errors may sometimes occur 
even if all preliminary conditions requireifor a thorough under- 
standing of the case seem to be fulGlled. This will appearfrom 
the experience given of the fracture of the tibia, Art. 84. 
If that case had been brought before a jury the expert might 
there, on the strength of the first skiagrapli, have testified in 
good faith that there was no fracture. 

As emphasized previously, this experience teaches the neces- 
sity of adopting the principle of always taking at least two 
skiagraphs in two different positions in all cases of suspected 
fracture. 

175. In taking skiagraphs of foreign bodies it must be con- 
sidered that their size \'aries according to the distance from the 
tube. In oblong l>odies great errors as to their extent may be 
committed. Once we were very much surprised in a case where 
a fragment of a needle had entered the palm of the hand 
in a perpendicular direction. The plate, while indicating the 
presence of the needle, distinctly created the impression that 
the fragment was only about 2 millimeters in length. When 
extracle<l it was found to be more than an inch long, the rays 
having reached the hand in a perpendicular direction so that 
the circumference of the fragment was reproduced rather than 
its length. A side view, of course, would have cleared up the 
error at once. 

1T6. Misinterpretations have atsu arisen from unavoid- 
able mechanical and chemical defects causing markings 
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in the pliotographic plate, the significance of which must be 
Wi'll known to the skiagraphic interpreter. Blemishes may 
also he produced by spots caused by pus from wounds or by 
perspiration. 

In the location of foreign bodies, especially in the skull, many 
errors were and are still committed. 

For nialingert'rs the Roentgen rays may prove to be, for a 
tiine« a ])roteotion on account of erroneous interpretation, but 
thev will he shown in their true light when assisted by better 
anatoniieal knowledge. 

177. Soon after the discovery of the Roentgen rays the 
courts were in a position to grant damages to patients, especially 
veteran soldiers, who claimed to have been damaged by bullets 
and were unjustly rejixittnl by medical experts as malingerers. 
Tht» presence of a bullet, shown on the photographic plate, 
cannot he denied, and a patient that harbors a piece of cold 
nietnl in any part of his body has, as a rule, a good reason to 
coin))Iain. On the other hand, an impostor who pretends to 
have been shot and sinuilatcs functional disability will be 
exposed i)y a distinet skiagraph, which would show the absence 
of the alleged imllet. 

It is still Jin op(»n (juestion whether the court has a right to 
censure a surgeon fi)r not having used the Roentgen rays in a 
suitable ease, and, furtbernu)re, whether it can compel a patient 
in a doubtful bullet or fracture case to submit to an exposure 
bv the ravs. 

1 78. A distinet skiagraphic; plate will ahvays tell the truth. 
If aeeonipanied by registration of the details t)f operation, viz., 
tb(^ soin'ce of the current (whether battery, static-machine, or 
street), the length of spark of the induction-coil, the intensity 
(»f tin; tube, the distance of the platinum disk of the tube from 
the ])hotogra])bic j)late, the position of the object, the kind of 
plates, nnd the time of exj)osure, it will be a valid document 
intelligible to every export. And together with the anatomic 
and clinical knowle<lge of the expert it should be evidence 
in court. 
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ROENTGEN BAYS IN DENTISTRY, 

(Extract fkom Electricity in Dentistry ^ by Lkvitt E. Citstkr, B. S., D. D. S. ) 

179. The Roentgen rays have no more fitting application 
than in dentistry. In medicine and surgery their use as an aid 
in locating foreign bodies has never be6n questioned, in diag- 
nosing fractures and dislocations, and in detecting the presence 
of calculi and pus cavities and even the abnormalities of some 
of the softer tissues whose density differs but little from that 
with which they are surrounded. The Roentgen rays are 
also of value in some of the arts, and as the appliances are 
being perfected and new uses are found for it, its applications 
are still broadening. The most valuable field, however, will 
always be in medicine, surgery, and dentistry. 

180. While the use of the Roentgen rays in dentistry is 
not usually in cases in which it is a matter of life and death, as 
is frequently the case in surgery, its more frequent use will give 
it a value of a high order. Its dental applications, while con- 
fined to a comparatively small portion of the body, are of 
rather wide range and will require just as much skill on the 
part of the operator as in work on the thicker tissues. For 
instance, the dentist must be able to so manipulate his tube and 
appliance as to differentiate between the roots of the teeth and 
the bone that surrounds them, a feat equal to any accomplished 
by the physician. Or, on the other hand, he may have sim- 
ply the location of a broken broach or a pus cavity, which is 
comparatively easy. The most frecjuent dental uses of the 
Roentgen rays are for locating unerupted teeth, for ascertaining 
their position and the shape of their roots, for diagnosing frac- 
tures of the jaw, for locating foreign objects such as a broken 
broach, for determining the depth of root filling, the extent of 
an abscess, or the proportions of the antrum. 

181. Tlie successful use of the Roentgen rays requires a 
soniewliat formidable array of appliances, and the manipulation 
of them calls for one that is accustomed to mechanical details. 
To this extent the dentist is very well fitted at the very outset 
by the nature of his mechanical and digital acquirements. 
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Iri?truiii»-iits ami instrumentation are his daily company and 
l.i? iiorupatpin. Moreover. Roentgen ray work being an electric 
{•n »:»':!'*'. thr majority of dentista are to a large extent familiar 
\\::h ch>.' fuiiti:iinriual electrical requirements and are already 
e<f:iii*<l ^ith many appliances that may be used in the work. 
Ai! ciiiiiL'^ ^riiiif ci>nsidere<l. at the present state of perfection of 
K -• i.Il' n riiy appliances, the dentist will obtain the most satis- 
f.t't<>ry r».-^u!ts fri>iii the Rhumkorff coil. It is also recom- 
t!.> !: ^«i that htr ppK^ufc onc laigc enough for general work. 
Til* • i;y .:*:-ritisi. wh'> is in touch with the general physician or 
ui-ii -••ii;f- trstaMished Roentgen ray laboratory, will be most 
jr.i' ti' :i;iy pr-'tiitd ^y the use of an 8-inch or 10-inch coil; 
• i? ii \.»: ♦xp»t t? t" «i»/Tive the most pleasure and l>enefit from 
ti.» w.rk !•• -:. •^:M gt-t a r2-inch or 15'inch coil, for then he 
\\\.[ '• »' :i':'l' t«» r:.ai.ai:e all parts of the body. For the country 
(I'l.ti-t :':.• l.ir^or *«'il is especially recommended, for the 
nil -Mil tl.Lit :':.r t-leiriial |»art of his dental office appliances 
will iilnaly f'»riii a lar^o part of his equipment, and many 
pliy>ii iaiis \v:!l [.ivft-r to avail themselves of its use than to take 
up thf wi.rk theiiisrlves. 

ISi!. It is iM]<tr>iiiary in taking a skiagraph to use a plate 

fnr larjf- sui-j* vts ainl :i tilni ft-r tho smaller. For dental opera- 
ti"U!i tl.» till II lias r^pt.rial advantages — it is cheap, convenient 
ti» liaiitlit'. rasy to j'ropan-. anil is llexible. A cartridge of a 
P.-in«h liltn. such as is use<l in the Brownie camera, will be 
fiinid t«» \*o tlu* mi>st economical, and this can be had at all 
plit»tn^raj»liir supply houses. The width of this film is the 
nmst convenient; the average dental case can be taken upon a 
sijuan; cut frrmi the end, and if the case calls for a larger piece, 
it is only necessary to cut nil an oblong piece sufficient for the 
cas«' and j>lace the strip lengthwise. 

Tin- j»lates to he usc<l f<»r larger subjects may be found upon 
tlie market. When necessary, ordinary photographic plates 
may !»(' used for Roentgen ray work with splendid results, but 
])lates espei-ially ])repared for Roentgen ray i)ictures, such as the 
Cranier or the Carbutt, are to be found. These platc»8 arc 
HUl)])lied either in nr with light-proof envelopes. We have 
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found that the Cramer Crown brand of plates gives the best 
results, almost as good as those plates that are especially 
prepared for Roentgen ray work. 

183. The next step is the providing of a light-proof and, 
to a certain extent, moisture-proof covering for the film. If 
the dentist has a good coil and becomes expert in the manage- 
ment of his appliance, he will require but a few seconds for an 
exposure, and his film may be enclosed in two thicknesses of 
black paper without danger of light or moisture. The film is 
placed sensitive side down upon a piece of paper 3" X 4", 
and the edges are turned over upon the back of the film. This 
is then placed upon another piece of paper somewhat larger 
than the first and enclosed in the same manner. A little gum 
paper will prevent the opening of the flaps. The film, thus 
enclosed, is flexible and neat, and can be easily adapted to any 
part of the mouth. 

• 184. If the dentist requires a considerable length of time 
for an exposure, he may enclose his film in black unvulcanized 
rubber, as suggested by Doctors Van Woert and Price. The 
film should first be covered with an envelope of tissue paper to 
prevent adhesion of the rubber to the film and also any injuri- 
ous effects of the rubber upon the film. The black rubber 
being quite flexible and adhesive, a piece is cut twice as large as 
the film. The film is placed upon one half and the other half 
is turned over upon it and the edges pinched together. This 
makes a light-proof arid moisture-proof covering, and a film 
protected in this manner may be immersed in the saliva with- 
out danger of injury therefrom. 

185. Dr. C. E. Kells has suggested the use of a little plate 
holder. This is made by first taking a modelling compound 
imi)ression of the coronal and lingual aspect of the teeth to be 
skiagraphed. A piece of 28-gauge aluminum is attached to the 
inner side of the compound, and to this the piece of film, pro- 
tected as previously described, is attached ]>y little clips. The 
whole is then placed upon the teeth and the patient instructed 
to close the mouth. There are two advantages in this method. 
It leaves the operator free to manipulate the instrument and the 
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film can he held more quietly. This method is especially valu- 
al)l4' whore, hy the nature of things, from 30 to 90 seconds are 
rtHiuired for a dental skiagraph, but when a large and efficient 
coil and tuhe arc used and but from 3 to 10 seconds are neces- 
nary, tlio film can he held quiet for that length of time by 
the a.s8i8tant. 

1 8(>. The film having been prepared, the patient is com- 
fortahly seated in an ordinary chair with a portable head-rest 
upon the hack. An ordinary chair will be found moBtconveDi- 
ent for the rc:l^«on that in taking skiagraphs of the upper jaw it 
is necessary to place the tube well above the patient to have the 
rays strike the phite perpendicularly and to get the teeth with 
the least distortion. For the lower teeth it is only necessary to 
n^st tile head wtOl hack in the head-rest In making these 
adjustments the aim should l>e to seat the patient in such a 
pi)siti<M\ that the iihn^ when in place, will face the tube so that 
the rays will hereceiveil perpendicularly thereon. It should be 
liorne in mind tliat clearness of definition and correct propor- 
tions are lost if the plate is not at right angles with the tube. 

1 S7. While there is very little danger of producing a bum 
upon a patient in taking a dental skiagraph, owing to the short- 
ness of exposm-e, the tuhe should nevertheless be placed at 
least lii iuehes from the surface of the face. Although the 
time »>f the exposure is lengthened hy increasing the distance 
hetween the tuhe and the film, even 15 inches would not be too 
far, and with an efVieient instrument it should never be less 
than that. It should he borne in mind that the rays emanate 
from a very smidl surface and j^roceed outwards in straight but 
diverging lines, and tlie farther the object is stationed from the 
target, as the ])oint <^f illumiriation is sometimes called, the 
more parallel will the rays he. K very skiagraph is larger than 
the original, hut this disparity hecomes less by placing the 
ohjeet at a distance from the tuhe. Nor are these the only 
advantages to he derived from operating at a distance from the 
tuhe. The patiiMit, always a little timid at first, feels more 
secure at a greater distance and the operator has more room for 
mani}>ulation. While a greater distance requires more time, 
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the dental operations naturally require so little that this may 
be doubled and yet not be too long. The increase of distance 
is also compensated for in another way; while it may take a 
longer time, any movement of the patient is not so largely 
magnified as it would be if the distance were less. It may be 
roughly stated that the time required is proportionate to the 
square of the distance from the tube. If it is found by experi- 
ment that with a certain condition of tube it requires 16 
seconds at 12 inches from the tube, the operator will find that 
to get the same result 24 inches from the tube, about 1 minute 
will be required, and all intervening distances in a proportionate 
length of time. 

It will be found, in practice, that about 15 inches from the 
target is the proper distance, and having once established a dis- 
tance it should be kept as nearly as possible thereafter. There 
are so many variable conditions in the taking of a skiagraph 
that those that can be fixed should be so. 

188. When the distance has been settled upon, the dentist, 
in determining the length of time, has then to deal with but 
two variable conditions — the thickness of tissue and the condi- 
tion of the tube. The thickness of tissue in dental cases does 
not vary as in general practice, and it is an easy matter to 
roughly estimate this factor. The following scale of the propor- 
tionate length of time, as to the thickness of tissue, may be 
established. If it is found that 5 seconds, with a certain con- 
dition of tube, will give a clear skiagraph of the lower incisors, 
it will require about 8 seconds for the molars of the lower jaw, 
and about 15 seconds for the antral region of the upper, and all 
the other parts at proportional lengths of time. 

189. The condition of the tube has much to do with the 
length of time for an exposure. It will be found that the tube 
does not always start off at its highest efficiency, and it is this 
factor tliat is most variable and that will require the most care- 
ful consideration in timing the exposure. This cannot be deter- 
mined by any standard, and the operator's skill, judgment, and 
experience are alone to be relied on. During the long exposures 
on the thicker parts, the physician has an opportunity to watch 



106 PRACTICAL APPLICATIONS §15 

the tul^e tlmiugli the fluoro86ox)e and to judge as to the length 
of time hut the dentist, owing to the short time of most of his 
ex)K)sures, must base his calculations upon the fluorescent 
appciinmce of the tul)e itself. For this reason, it is incidentally 
nu^ntioned that darkening the room somewhat during the 
exposure will aid the dentist in judging of the working of 
the tuhe. 

'i'ho tul)o varies at different times, not only as to the volume 
(»f HoiMit^eii ray8 given ofiF, but as to the condition of the 
vanillin. The length of the exposure, all other things being 
tN}u:il, lias to do with the clearness of the picture, but the varia- 
ti«>n in the vacuum af the tube has to do with the contrast 
hotwovn till' tissu<»s of different density. The effect of tubes of 
different vaoiia is a most important consideration in Roentgen 
ray WDrk, fi>r on this dei>ends almost entirely the securing of a 
L'<»oil pioturr that will show the objector condition most clearly. 
A tnln-, fi)r instance, that would best show a broken broach will 
give hut an indistinct outline of the pulp canal or an abscess. 
K«u'nt.ir«ii ray tuhes have therefore been classified aca)rding to 
till' condition of their vacua into soft, medium, and hard tubes. 
The soft tube, if used in looking at the hand through thefluoro- 
scope, will show a dark outline of the whole hand, and only 
hy dose insptM'tion can tlie lunies be distinguished. This is 
represented l>y an external shunt spark of about 2i inches. 
The medium vacuum is one that, if observed in the same way, 
will slu>w the hones with the strongest contrast if compared 
with the llesh. They appear hlaek, and, on inspection, their 
minute structure can he very easily seen and studied. The 
hard tulxi is one that will show the outline of the flesh and the 
hones within, hut there is not that contrast between the two 
that was seen in the medium tube. The light seems to pene- 
trate tlie two almost alike, and because (►f the loss of contrast, 
tlie minute structure of the hone cannot he traced in its finer 
details, as could he done with the medium vaciium. 

190. The rays ^manatin^ from a soft tul)e liave little 
]>enetrating power, whereas tht^ rays from a hard tube have high 
penetrating power. For this reason the rays of the soft tube are 
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affected by the least variation of the density of the softer tissues, 
while those of the hard tube pass through all tissues with but 
slight change. It should be borne in mind that a photographic 
plate is more sensitive than the eye, so that in the taking of a 
skiagraph the vacuum should be much lower than would be 
necessary for the eye, and it is for this reason that a lower 
vacuum is used for photography than for viewing the object 
through the fluoroscope. The vacuum, however, must be hij»h 
enough, in all cases, for the rays to penetrate the subject. For 
this reason, also, it will be found that the degree of vacuum 
should vary somewhat in proportion to the thickness of tissue 
to be skiagraphed. It will require a little higher vacuum for 
the arm than for the hand, and a still higher vacuum for the 
pelvis. There is not only this rising "scale of vacuum with 
increase of density and thickness that must be considered in the 
taking of every skiagraph, but the more important considera- 
tion of proper vacuum for showing the object or tissue at its 
advantage. The two must be considered together in calculating 
for the exposure. The physician is constantly dealing with 
tissues of a wide range of thickness and density, and only by 
constant practice is he able to successfully take every subject. 
While the dentist is more fortunate in this regard, because his 
dental cases are nearly all of the same thickness and density, 
he, however, has a range of subjects that call for just as fine 
vacuum calculations. The degree of penetration necessary in 
dental cases is about equal to that met with by the physician in 
the case of the hand, so that having once found the proper 
vacuum for the average dental cases, he has only to vary that 
slightly to get contrast or penetration. The average condition 
of vacuum necessarv for dental eases will be found in a soft 
tube and at no time a higher vacuum than a medium tube. 

191. There is a great variety of Roentgen ray tubes upon 
the market, and these are divided into two classes, namely, 
those with vacuum regulators and those without. The beginner, 
owing to the many details to be learned, should confine himself 
to the use of the latter class, for here he is dealing with a lixed 
vacuum, and that feature of his calculations may be omitted for 
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ilie time l)eing and taken up later when he is better prepared. 
The dentist should begin with two tubes, one soft and the other 
of a incdiuin vacuum. These tubes are not only cheaper, but 
they will, later on, he useful to him in another way, for in the 
course of time as their vacua rise by use, these tubes can be used 
for fluoroscopic examinations and for work upon the thicker 
parts. Another and very important reason for using tul)e8 with 
a fixed vacuum for dental purposes is because of the very short 
time re()uire<l in these cases. All tubes with regulating devices 
are at a nonnally high vacuum, and it takes a few moments of 
tinu> to ''work'' them down; so that, in practice, it will be 
found that by the time the tube has been brought to a condition 
of vacuum suitable for a dental case, the film has been exposed 
long enough and it will be a chance result if the skiagraph is a 
good one. After the dentist has learned how to manage the 
tubes with vacuum regulators, he may be able to get the tube in 
condition and dexterously adjust the patient and film and use 
the tube before the va<'uum rises, but this can never be as satis- 
fa<'t()rv an a tube with a fixed vacuum and in condition for 
iniiuediate U!>e. 
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ELECTRIC HEATING 

1. lioss of Electromotive Force. — The phenomena 
connected with the passage of electric currents through con- 
ductors have been treated fully in Volume 1 of this Course. 
Among the phenomena considered were those relating to chem- 
ical decomposition, electromagnetism* induction, and, finally, 
mechanical effects, as in electric motors. 

In every instance, when work was performed in some form or 
other, the current lost part of its energy by losing part of its 
electromotive force. In other instances, when no visible work 
was performed, a certain part of its energy was lost in over- 
coming the resistance of the electric circuit. An instance of 
this kind is found in voltaic batteries, where the internal 
resistance often equals that of the whole external circuit. In 
this connection it will be remembereil that the rule was given 
in Art. 134, Direct Currents^ that **a maximum current is sent 
through a given external resistance, when the resistance of the 
battery is equal to the external resistance.'' It seems that 
here, and in other similar combinations, a great waste of energy 
must be going on, and the question naturally suggests itself: 
What becomes of this electric energy, which apparently dis- 
appears without lea\ing any visible traces behind?. 

2. Trarisformatloii of Kiiergry. — As energy cannot be 
lost, it must, if disappearing in one form, reappear in some 
other form, and though the new form in which it reappears is 
not perhaps at once tracea})le, it is, nevertheless, present and 
will be found on closer investigation. 

For notice t^ copyright, ftr p<i«// tiinuniiatfly /ullumny the title page 
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It is a fact proved by numerous experiments, that whenever 
a resii«tance is plac.'ed in the path of an electric current^ it can 
Dvcrconie the resistance only by giving up part of its energy to 
the material of said resistance, and that the energy then 
reap|»ears in the form of heat As this heating property of 
tlio electric current is made use of in cauteries and electric 
h\n\\is it is important to find the relations between the electric 
t'lHT^y ex]>ended and the heat developed, when various forms 
and kinds of conductors are used. 

a. Variation In Ileatlnflr Effidots. — In order to fully 
grasp til is subject it is necessary briefly to mention a few facts 
rt'hiting to heat and its efiFects on different substances. If we 
take a piece of copper and hold it over the flame of a Bunsen 
burner for a certain specified timeand then measure its tempera- 
ture, we will fin<l that the latter is very different from the 
t( loperature gaincHl l>y a similar piece of platinum exposed to 
the same hrat and for the same length of time. The latter will 
show a temperature al>out three times higher than that of the 
fiirmer. A still greater difference is found if a piece of carbon 
is heated. Continuing oQr experiments, we will soon ascertain 
that mrtalSj fluids, etc. all show a difference in their ability to 
reeeive lieat from some source or other. 



SPECIFIC HEAT 

4. We may briefly explain this by supposing that each 
molecule of matter requires the same amount of heat to raise 
its tt^mixrature a cerUiin number of degrees. The lighter the 
molecules of which a body is made up the more of them there 
must ho to make up a certain mass. And, further, the greater 
the amount of molecules a body contains the more heat it will 
require to raise its temperature. Bodies of higher specific 
gravity contain a smaller number of molecules in a given mass, 
hcrause each molecule weighs more. There being fewer mole- 
cules to heat, it will recjuire less heat to raise the temperature of 
the whole mass. We see, then, that there is a close relation 
between the thermal capacity or specific heat of a body and its 
specific gravity. 
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5. Unit of Heat. — -It is too indefinite to say that more 
heat is required to raise the temperature of one piece of metal 
than that of another piece, and some unit must therefore be 
adopted to enable us to make a comparison between various 
quantities of heat. For this purpose that quantity of heat has 
been selected which is able to raise the temperature of 1 cubic 
centimeter of water, that is 1 gram, from 3° to 4° C. This unit 
has been named 1 calorie. Five calories will therefore be 
able to raise the temperature of 1 gram of water 5° C, or 
5 grams of water 1° C, and, similarly, any other combination 
of grams and calories, the product of which will be 
equal to 5 calories. 

6. Table of Specific Heats and Gravities. — In the 

table below are given the specific heats and specific gravities for 
various substances. Water is there taken as unity, meaning 
that if it will take 1 calorie to raise the temperature of 1 cubic 
centimeter of water P C, it will require a fractional part of 
1 calorie to raise the temperature of any of the other substinices 
there named to the same height. For instance, lead would 
require only .0314 calorie, etc. 



TABIiB I 



Substances 



Lead 

Platinum . . . 
Silver .... 
Copper .... 

Zinc 

Iron 

Graphite ...» 
Water .... 



Specific Heat 


Si>e€irie (Jravity 


.0314 


11.4 


.0324 


22. 1 


.0611 


10.5 


.1013 


8.9 


.1015 


().9 


.1218 


7.8 


.2018 


l.(i 


1.0000 


1.0 



7. Relations Between Specific Ilcnt and Specific 

Gravity. — There is some similarity between themial and 
electrostatic capacity. If the latter is small, it requires a small 
electric charge to raise the pressure to that of 1 voltj and, 



4 PHYSICS OF LIGHT AND CAUTERY i 

similarlv. if the thermal capacity or specific heat is small, 
takf< a small amount of heat to raise the temperature 1^ CL 

In general, it is found that with an increase in specific gravit 
there follows a decrease of specific heat. Lead and iron ar 
exi.*eptii>i'.s t«) this general rule. 

An examination of the values given for specific heat will 
sb.i>\T that it takes twice as much heat to raise 1 pound of 
Oliver t>> the same temperature as that of 1 pound of platinum, 
mA marlv 4 times more heat to raise iron to the same 
t(:iM'er\tun* as that of le:id. If, for instance, two rods, one of 
si'.vfr ar.d i>ne ttf platinum, were held together over a Bunsen 
1 i:rr.er. it wouKl shortly l^e found that the platinum rod was red 
ho!, while tlie silver rod would be comparatively cool. 

S. The Joule, Watt, and Calorie. — Having now ascer- 
:.•.'..: iV.t !:.t.\r.ii.k; of specific heat and a calorie, the relations 
": ^ : \\ . oi; \]\v K\il Tir and elei'trical work have to be found. It was 
; >-. -^t.r.t .1 that while an ele(*tric current was passing through 
a V V. xwx^^T tht* rt'sistance of the latter had the efiFect of chan- 
iri: c part «'f tlu' t'hvtri«* energy into heat. Heat must, therefore, 
si:: : ly W ar.i^thor form of electric energy, and, as it was possi- 
1 ^ ti^ . xj'nss the iMUTjry of the electric current in footr]>ound8, 
it >:.^ v.^i likrwi>o he possihle to express the energy of heat in 
tlu san^o nr.it. 

Tl.f r.T.it «»f I'uv'trioal work is the JoMfe, which was found to 
tvjv.al .7^.'^ fo.»i-pound. ^^See Art. 15^ Direct CHrreiits.) It 
has Kvn ftnnul that 

I calorie - 4.2 joules = 3.07 foot-pounds. 
1 joulo -— .24 calorie ~ .7373 foot-pounds. 

.\s 1 watt 1 joule per seiHuid and 1 joule = .24 calorie, it 
follows that I watt = .24 calorie i»er second. 

U. llont 1>ovo1oihh1 in n Conductor Proportional 
Xi\ sqiian* of CurnMit-Sti-enjartli. — In Art. 20, Direct 
i\r^ynL<, tho following: ft ^rniu las for finding the number of watts 
doveK>iu\l were given: 
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The last of these only will be used in finding the relation 
between the current passing through a conductor and the heat 
developed in it. 

This formula W= C* X R shows that when heat is produced 
in an electric conductor, it is not proportional simply to the 
number of amperes passing, but to the square of the same. If, 
for instance, 2 amperes is flowing and transformed into heat, 
4 amperes will not simply double the quantity of heat developed, 
but will increase it 4 times. Why this increase should be pro- 
portional to the sqicare of the current-strength may not seem 
quite clear, and a practical example may help to make the 
matter better understood. When chemical energy is trans- 
formed into electrical energy, as, for instance, in a voltaic cell, 
the amount of material consumed per hour is proportional to 
the strength of the current. Suppose six Daniell cells are con- 
nected in series and are sending a current of 1 ampere through 
an external resistance. As the consumption of zinc per cell 
amounts to .043 ounce per ampere for each hour, the total 
amount of zinc consumed amounts to 6 X .043 = .258 olince. 
If it is desirable to increase the current-strength to 2 amperes, 
while the resistance remains constant, then the E. M. F. must 
be doubled and therefore the number of cells increased to 12. 
As now each cell is transmitting a current of 2 amperes, twice 
the amount of zinc must be consumed, or .086 ounce per cell, 
and the number of cells now being 12, the total amount of zinc 
consumed is 12 X .086 = 1.032 ounces. This is 4 times .258 
ounce, the original amount. We see then that to double the 
current-strength, 4 times as much chemical or electrical energy 
had to be developed, the electrical energy being proportional to 
the amount of material chemically transformed. 

10, Conclusions. — From these considerations we come to 
the conclusion that the greater the number of watts transformed 
into heat the more rapidly the temperature must rise. Con- 
trarily, the higher the specific heat of a conductor, or its 
capacity for heat, the more slowly will this rise Uikv place, and, 
finally, the greater the mass or weiglit of the conductor the 
more time will be re(iuired to effect a rise in tempeniture. 
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CONDUCTION, CONVECTION, AND RADIATION 

11. The increase in temperature of a conductor does not, 
as a rule, keep step with the number of watts spent in heating 
it, because heat, like electricity, is subject to losses from various 
causes. These losses may take place in three different forms, 
through conduction, convection, and radiation. 

In conduction, the heat is transmitted from particle to particle 
in the body itself. In a heated electric conductor the heat 
would leak from the interior to the surface. 

The transmission of heat by convection takes place in liquids 
and gases only, as it requires a certain mobility of the molecules 
of the substance. If a beaker of water is placed over a Bunsen 
burner, the bottom will become heated and the particles of 
water situated immediately above the same will be heated by 
conduction. When heated they become lighter and rise to the 
surface, thereby giving room to other particles. In this manner 
a constant stream of water will carry off the heat supplied by 
the bottom of tin? vessel. 

When radiation goes on there is no direct contact between the 
source of the heat and the recipient of the same. The ether is 
in this case the transmitting medium and is able to transfer the 
heat from one place to another without itself being heated. 
For instance, the sun radiates its heat through space and in this 
manner supplies the earth with its necessary heat, but without 
heating the intervening medium. 

1 2. Liiinit to Increase of Temperature. — A heated 

conductor may give up its heat by either one or all of these 
forms. If exposed to the air, the latter will become heated and, 
in passing away, set up a current that will constantly carry off 
heat from the c(\n(luctor. The amount of surface a conductor 
ex])0S('S to tlie air will therefore be of importance in determin- 
ing the rise ill temperature. Thin wires heat more rapidly than 
thick wires of the sjune material, {)artly because they have less 
surface to (lisj)ose of the he:it and partly because of the higher 
resistance. Suppose, for instaiu^e, that two wires, one yV and the 
i»thrr J^ inch in diameter, have to carry the same current. The 
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thinner wire will have a cross-sectional area \ that of the 
thicker; therefore, it has 4 times greater resistance and 4 times 
more heat units developed in it. But, as these heat units act 
on a mass 4 times smaller than that of the larger wire, there 
will be an increase in temperature 16 times greater in the 
smaller wire. Then again, it must be remembered that the 
smaller wire has a surface only one-half that of the larger wire, 
and consequently it will have more diflBculty in getting rid of 
the surplus heat. As the thin wire grows hotter it will also 
increase in resistance, and its temperature will continue to rise 
until it has reached a point where there is a balance between 
the heat received and that given ofif by conduction and 
radiation. 

13. Eflfect of Jjengtli, — If the resistance of a long con- 
ductor is the same as that of a short conductor with the same 
diameter, the number of heat units developed in both should 
be the same. But the increase in temperature of the long con- 
ductor may be hardly noticeable, partly because the heat has to 
be distributed over a larger mass and also because the longer 
wire has a greater radiating surface. 

14. ElTect of Heat on Resistance. — As already stated, 
the resistance of a metallic conductor increases with the 
temperature. The amount of this increase is about .38 per 
cent, per degree centigrade for pure metals. For instance, if a 
copper conductor has a resistance of 220 ohms and its tempera- 
ture is raised 100° C, its resistance will increase to about 
304 ohms. In general, it may be said that conductors increase 
and insulators decrease in resistance, when heated. 

Certain metallic alloys used for high-resistance coils suffer a 
very small increase in resistance when heated, and some of 
them, notably manganin, actually decrease in resistance. 
Carbon and india-rubber decrease in resistance wlien warm, the 
latter very much so, even with a small increase in temperature. 
The increase in conductivity of carbon amounts to about 
.03 per cent, per degree centigrade. For instance, if the carbon 
filament of an incandescent lamp has 220 ohm's resistance, 
it will be reduced to 213 ohms at an increase in temperature 
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of lOO** C, and to ^^5 ohms at an increaae of 1,280** C, wl 
IB the usual diiTerence in temperature between hot and cold. 
Li«|uidki dtK^reaae in resistance by an increase in teniperatu 
Water, wlicn al>soluteIy pure, does not conduct, but when zniz> 
with ga^es or saline Innlies, it is able to act as a conductor sl 
its n.'sistance will then depend on the resistance and quantity c 
tliese foreign subt«tances. If 8 per cent, of sulfuric acid u 
added to the water, the resistance will decrease .65 per cent pei 
degree centigrade, so that a column of water with 1,000° ohm's 
resistance will, when the temperature is increased 100° C, have 
it:? retiistance reduced to 350 ohms. 

15. DllTerent Temperatures in One Condnctor. 

If part of a heated conductor, such as a cauter}', be either 
loitled or heateil it will in tluence the total resistance of the cir- 
niit and increase or decrease the current-strength. Suppose, 
for instance, that a glowing cautery is brought in contact with 
living tissue. Part of it will then be cooled off, its resistance 
will Im' lowered, and the am|>erage will be increased. Conse- 
({uently. the parts unaiTeoted by the tissue will grow hotter. On 
the contrary, if the same part of a conductor has heat imparted 
to it, its resistance is increased, the current is reduced in 
strength, and the adjoining parts grow cooler. In the first 
instance, the outlying parts of the cautery may grow so hot as 
to fuse, therefore the importance of providing means, such as a 
rheostat, for regulating the current-strength through an 
active cautery. 

!<>• Importance of Ix>'W Resistance In a Cantery 

Circuit. — As the cautery ii^oU is of a very low resistance, it 
folK»ws, as a consequence, that if a large amount of heat shall 
be developed in it, a current of high ami)erage is re(iuire<.l. 
Tnder these circumstances a heavy current will naturally have 
to i>ass through the \\hn\e circuit, inclusive of the battery 
itself, and, if no heat shall he developed anywhere but in the 
cautery, it follows that the other parts of the circuit must have 
a resistance much lower than that of the caut^'ry. If this is 
not the case, heat will also be developed in places where it is 
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not desired, and where it would either be inconvenient to the 
patient or to the operator, besides being a useless waste of power. 

For instance, if the cautery holders or the conductors leading 
to the latter are too small in diameter, then they are liable to 
get heated and in this manner will not alone waste heat, but 
will also, by their increase in resistance, reduce the current- 
strength and prevent the cautery from receiving its full quota 
of the total energy at disposal. A few examples will show 
the importance of this point. 

A battery B, Fig. 1, producing an electromotive force of 
4 volts and with an internal resistance of .02 ohm, is to supply 
the current to a cautery C of .035 ohm's resistance, and it is 
desirable to find the effect that the resistance of the conductors 
W between the cautery and battery will have on the current- 
strength of the latter. It is supposed that 20 amperes are 




w 

I "^>v^ B = ••• ohm. 

j^ = #M ohm. 

A 




Fio. 1 

required to heat the cautery and that two conducting-cords, of 

a joint resistance of .006 ohm, connect the battery and cautery. 

The total resistance of the circuit is, then, .02 + .006 + -035 

= .061 ohm. If no rheostat is in the circuit, the current- 

E 4 
strength C= ^ = -7^^ = 66.6 amperes. To reduce this cur- 

rent to 20 amperes, a rheostat is installed and a resistance of 
.139 ohm is inserted so as to make the total resistance .2 ohm. 
By means of the rheostat this supplementary resistance may be 
increased or diminished as the circumstances may require. 
This extra resistance of .139 ohm corresponds to a loss in 
voltage of 2.78 volts, which is changed into heat in the rheost<it. 
If these conducting-cords of .006 ohm's resistance are 
replaced by some of .12 ohm's total resistance, the resistance of 
the whole circuit will be .02 + • 12 + .035 -- . 175 ohm, and the 

4 

maximum current-strength is C= — 22.9 amperes. There 

.1/0 
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is now a Burplus resistance of .2 — .175 = .025 ohiDy onlj 
which represents a loss in voltage of 20 amperes X -025 ohn 
=- .5 volt, which is a very small marginwhen it is oonsideiec 
that the liesiting of the circuit will increase the resistance 
materially and that a bad connection somewhere may consume 
titis surplus. If the whole resistance of the rheostat were 
switched out, it would in this case have little or no compen- 
sating etTect on the increased resistance of the circuit The 
intlumce (»f the two conductors will be more clearly shown in 
the following tahle: 

TABIiB II 



C^tndiictor of .006 
Ohm's Resistance 



Conductor of .12 
Ohm's RcslsUmoe 



Kt'sistaiu't* of rrtut«'rv 

Resist aiKV t»f riroiiit i-xchiHive of 

rlit'ostat 

Ursistaiuv «»f cin'uit iiicliiaivc oi 

rheostat 

SurpluH n'sistance in rlieoHtat . . 
Siirj»lus voltajjo coiiRunied in rheo- ■ 

8tat 

Current in tlie circuit with rliooHtat : 
IVrctMHaj:*' ni total prt^spuiv lost in 

conduct in^;-\viri'8 j 

IVrcentagi' lost in cautery . . . | 
IVrivntuj^f lost in bat t« My . . . ' 
Percentage lo8t in rhetist at . . . | 



.035 ohm 

.061 ohm 

.200 ohm 
.139 ohm 

2.780 volts 
20.000 amperes 

3.0 
17.5 
10.0 
69.5 



.035 ohm 

.175 ohm 

.200 ohm 
.025 ohm 

.500 volt 
20.000 amperes 

60.0 
17.5 
10.0 
12.5 



17. Cnutory linttery of Liow Resistance. — When it 
iB 8() important to reduce the resistiince of the conductors to a 
niininiuni, it can easily he peen that the resistance of the bat- 
tery niust also be as small as possible. Sup])ose, for instance, that 
the attempt should hv madf to run the above cautery by means of 
two Lfclanchr cells, each with an E. M. F. of 1.7 volts and inter- 
nal resistance of .8 ohm. Arranging the cells in series, their joint 
jiressurc will be 15.4 volts and their resistance l.G ohms; adding 
to this the resistance of the conducting-c'ords and the cautery, 
the total resistance will be 1.6 -f .CX)G -f- .035 -- 1.641 ohms. 
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O A 

Therefore, (7= zr-^-:^ ^ 2.072 amperes, instead of the 20 

l.o41 

amperes required. As it was shown in Art. I389 Direct Our- 
rents, that an increase in the number of cells in series with a 
small external resistance does not increase the current-strength, 
it is useless to add any more cells. The only possible improve- 
ment would be to connect the cells in parallel. Then the total 
pressure would be that of one cell, or 1.7 volts, and their joint 

resistance -- = .4 ohm. The total current would then be 

1.7 1.7 

-^-q^^™- -—^oK== -TVY^= 3.8 amperes, which is still entirely 

inadequate. It would take ten of these cells in parallel before 
a current of sufficient strength could be obtained. Even so, 
a battery of these cells would be unsuited for the purpose, 
because cells of this class are unable to furnish a heavv current 
except for very short intervals, polarization taking place very 
rapidly, reducing the current-strength. 

If we select some cells with a higher E. M. F. and lower 
resistance, such as bichromate cells or cells with very low 
internal resistance as, for instance, the Edison-Lalande cell, 
better results will be obtained. Selecting two cells of the latter 
class with an E. M. F. of .7 and an internal resistance of .03 
ohm, we would, by arranging them in series, receive a current of 

^= 2X703 ^0^ + .035 = TOl = ^^-^ ^™P*"*^«- '^^'^ ^' 

also, entirely insufficient, but we notice at once the advantage 

over the other two cells in series. To obtain something like 20 

am])eres from this class of cells, four are required, arranged 

two in series and two in parallel. 

When the minimum internal resistance is desired, we have 

to resort to the storage-battery, where the resistance may be 

about .005 ohm and where the discharge, theoretically, may be 

2.0 
at the rate of ^ ^^ — 400 amperes. This high rate of discharge 

is, of course, not permissible, because it would ruin the plates; 
but even so, the possible rate of disoliarge is so high that an 
ordinary voltaic battery cannot conii)ete with it 



12 



PHYSICti OF LIGHT AND CAUTERY 



§1; 



The method pursued aI>ove tor ascertaining the current-1 
strength is t<> use fiimiula (a), Art. 128, Direct CurrenU. Thkl 
18 ugiinlly suilicieiit, but thuse who wish to go a little further 
may use formulae (rf) and (e), Art. 135, and formulate), 
Art. 136. 



CrrRRENT-8UPPLY FOU THE CAUTEBT 

18. Tlip Blchromiite Cell.— Regarding the most ( 
venient method for supplying the current to the cautery, it is * 
need]€8S to say that the ordinary lighting circuit takes first 
place, next to this comee the accumulator, aiid last the 
primary colls. Among the latter, the bichrmnaU cell, Art 35,-1 
Dirtcl CurrmU, haa occupied a prominent place, because it h 
a high K. M. F., a comparatively low resistance, and is ahle it 
deliver a heavy current for some time without polarization,'! 
There are many forms in the market, mostly consisting ( 
combination of a number of single elements. Fig. 2 shows I 



t cos^^l 
it is^^^ 
first 
; the 
35, .-^H 

>let^| 
tion,'^^! 

WB i^H 




form provided ivith a tight cover, which allows the liquid U)>\ 
splash about inside without spilling. In a bichromate cell 
the zinc should always be removed when not in use, in order 
to prevent local action. This is here accomplished by r 
the cover and turning it around so as to place the plates il 
the empty side of the case. The other half is divided i 
cell-oompartmentB, each containing an electrolyte. Fig. 3 shofQ 
another form wJiere the electrolyte is kept in a bottle when t 
in use. Numerous other forms are produced, so as to make t] 
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' cells more portable. These cella nil need n. certain uinounl of 
! care, if they are to be relied od when wanted. If not eysteni- 

atically insjiected, they are liable to fail when any heavy 

service is required of them. 

In Arts. 92 and 04, Direct Currmts, are given eome particu- 
lars relating to the care of theae cells. It should here be added 

that in a bichromate cell 

there is no liljcration of 

gas and, therefore, no 

motion takes place in the 

electrolyte whereby tlie 

exhausted parts of 

the solution may be 

made to move away and 

make room for the fresh 

parts. The strengthen- 
ing of the old solution , 

goes on mostly by means 

of diffusion, unless thi' ! 

plates are lifted at inter- ' 

Tols so as to set the liquid 

in motion. It ia tltere- 

ioie oi importance to 

have, the electrolyte in a 

concentrated form, and 

this cannot be done with 

bichromate of potassium, 

even if dissolved in hot 

water. But, if bichromate 

of sodium ia used in its place, it can not alone be dissolved in 

cold water, hut almost in any quantity. A battery will then 

need less frequent renewals of the electrolyte, and will be able 

to furnish a heavier current for a longer time without being 

sabject to a decrease by the diminished action of the electrolyte. 

Cubart recommends the following solution: Dissolve 7 ounces 
Bodiuiu bichromate in 1 quart of water, and to this should 
added 6 fluid ounces of strong sulfuric acid. The solution 
nadyfor use ae soon as it cools. When the battery begins 
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to show signs of exhaustion, add from 1 to 1.5 ounces of acid 
per quart of fluid. 

When it is intended to use a bichromate battery for cautery 
work, it is advisable not to have the zincs in contact with the 
electrolyte longer than is absolutely necessary, and after use the 
zincs should be washed out in water. If the cautery current • 
has been one of great strength and taxed the battery to its 
limit, it is better to throw the liquid away, unless it still has 
sufficient strength to run the battery for other purposes where 
a current of small strength is required. 

19, The Edison-Iialande Cell. — When a battery is 
desired for office- work alone and not for tran8pK)rtation, then 
the Edison- Lalande battery is very serviceable. . It will keep in 
working order for a long time without any attention, except an 
occasional examination every 2 or 3 months to ascertain the 
height of the liquid, as the latter will evaporate even when 
covered with oil. The type **W" cell has a resistance of about 
.02 ohm, and one cell can, for a short time, deliver a current 
of 33 amperes, if necessary; but usually they are put up in 
combinations of three cells, when they can also be used continu- 
ously for motors and similar work, and are able to supply a 
current of over 20 amperes. The lack of success that some 
operators have had with these cells is mainly caused by not 
following the rules given by the manufacturers. Another cell, 
based on the principles of the Edison- Lalande cell, is the 
Gordon cell. It is somewhat different in construction, but 
otherwise there is little difference between them. 

20. Dry Cells. — Some dry celh^ such as the **New Stand- 
ard," ''Hydra" battery, and others, have also been used for 
cautery work and to a great extent for lamps. They require no 
attention and are very suitable for transportation. Their 
n'sisttuKH" is not as low as that of the fluid cells and thev 
cainiot 1)0 renewed, but many operators prefer these disad- 
vantages to those of lijiving to keep the cells in working order 
and to handle acids, etc. 

2 1 . Care of Cells. — Regarding the care of cells, then, the 
essentials have already been given in Art. 02, Direct CurrenU. 
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It may be added that sometimes a battery, which otherwise 
seems to be in perfect order, fails to give the usual current- 
strength. In this case the fault may lie with one single cell, 
which either has a wasted zinc or some loose contact. It is well, 
then, to give each separate cell a close examination and, prefer- 
ably, to test them by means of a voltmeter. 

22. Storage-Battery. — Whenever a storage-cell can be 
conveniently charged it is preferable to a primary cell, provided 
it is in frequent use. If this is not the case, then it is better 
to have one of the primary batteries mentioned, because a 
storage-battery, if not submitted to a certain amount of work, 
will deteriorate in a short time. The price paid for it had then 
better be devoted to a primary battery. Complete information 
about the storage-battery has already been given in Art. 57» 
Direct Currents. 

The main point about a storage-battery is the rate of its dis- 
charge, taking care that it does not go beyond that indicated by 
the manufacturer. If so, buckling and sulfating are liable to 
occur, and it will never be able to run at its full capacity again. 
The charging of the battery should also be at the stated rate. 
As a transportable battery, it has great advantages by being 
able to deliver a heavy current without too much bulk. If 
regularly used, then a systematic charging process should be 
gone through with at regular intervals, so that the battery is 
always charged and ready for service. If the lighting circuit 
is not available, a primary battery must be resorted to, and 
then every available moment should be used for charging pur- 
poses. Otherwise a very large primary battery is required in 
order to finish the charging process within a reasonable time. 
When ordering a storage- battery, the purpose for which it is to 
be used should be stated, and also the mear»8 for charging it. 
The manner in which a primary battery is used for charging 
accumulators is fully described in The Physics of Boentgen Rays. 

If the 110- volt incandescent-light circuit is utilized for char- 
ging purposes, tlien the arrangement shown in Fig. 4 may be 
made. The current comes in tlirough tlie conductor a from the 
main circuit and passes through a number of incandescent 
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lam]^, depending on the desired current-strength. In this 
instance ten lamps of 16 i-andlepower are installed, each i>eriuit- 
tin;r i ampere to jku^s, therefore a total of o amperes. From 
here the current juisses through a fuse and swiU^^h to the adapter, 
ammeter .4, and accumulators. In parallel with the battery 
is inserted tlie voltmeter T, enabling the operator to ascertain 
tht' progressive state of the charging at the same time as the 

LSfftp Rheostat 
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animrtfr .1 indicates tho rate at which it takes place. From 
the battery tlic current returns again through the adapter, 
switch, fuse, and main conductor />. 

When a |>riniarv battery is used for charging it is important 
to have a rheostat in the circuit wberebv resistance mav be 
thrown out of tlie circuit when the charging progresses. This 
is to counteract the counter E. M. F. of the accumulator, which 
constantly increases wliile the (^barging is going on, tending to 
decrease the current-strength. The latter should be kept as 
nearly constant as possible. If too great, gassing ami buckling 
may be caused. The njcthod for calculating the time of charging 
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the storage-battery has been given in Art. 30, Tfie Phydca of 
Roentgen Rays, 

23. liightliifir Circuit. — The minimum of attention is 
required on the part of the operator when the incandescent- 
Hghting circuit is utilized. All that is required under this 
arrangement is simply to close a switch and the current is flow- 
ing. Ordinarily there are two kinds of currents available, the 
direct and the alternating. The most universally useful of the 
two is the direct current, because the alternating cannot be used 
in cataphoresis, electrolytic, and galvanic treatments. For cau- 
tery and lamps it is immaterial which current is used. 

It would seem natural to suppose that a 110- volt lighting 

current could be used directly for cautery purposes, and that by 

inserting a resistance-coil or a number of incandescent lamps of 

suitable resistance in parallel, any current-strength could be 

obtained. But this method has certain drawbacks that make it 

objectionable. A cautery has a very low resistance, and, to 

send a current of the required strength through it, demands a 

comparatively low j)ressure. For instance, let the united 

resistance of the cautery and conductors be .1 ohm; then, with 

E 110 
a pressure of 110 volts the amperage would be C= -- = — — = 

H . 1 

1,100 amperes. As the recjuired amperage rarely goes beyond 
25, and usually is much below this, it is clear that a large 
resistance must })e inserted in the circuit to bring the pressure 
within reasonable limits. 

Suppose that we desire a current of 5 amperes for a cautery 
of .035 ohm's resistance. It is then necessary to insert a resist- 
ance in the circuit, in series with the cautery, sufficiently large 
to make the joint resistance of the cautery and conductors e(jual 

to 22 ohms, as found by Ohm's law, viz. \ R^ ^- . —— = 22. 

Let the united resistance of the cautery and the conductors be 
. 1 ohm, then the resistance of the rheostat would })e 22 - - . 1 = 
21.9 ohms. The reduction uf pressure that takes place in this 
resistance is £■ -- Cx R 5 x 21.9 =^ 100.5 volt^, and the num- 
ber of watts lost is ir=-- E X C ^ 109.5 X 5 = 547.5 watts, a 
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iniii?if'»nii€T (\ where ii is changed into a 6- volt alternating cur- 
nxit. with :i oirrt-^i^tntiini;! increase in amperage. This current 
is now It^l thri*uch ih*- i:t.»n(Iui.tor5 c,f to the cautery D. 

Wht-n huyinp ap{>aratus of this class it is always ad\'iBable to 
Blu-cify the vohase <»f the circoit bom which it is intended to 
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«1« rivr the ojMTMtm^' ciirn-nt. The construction of the apparatus 
xMiirs with tlir variation in voltage. The motor can also he 
\\^vi\ for nny otluT purj)ose wh(Te driving power is required, 
.snrli nH Htatic niarliint*8, centrifuges, etc. 



C^AT^TEHIES 

'Jl . I n Art. 1 (} wjis explained the theor}' of the cautery, and 

il ninMins lure to (rrat of its practical construction and of the 
VM mm! I. MIS in form thai the various ]mrposes for which it is used 
«h niainl of it rialinuni is tiie metal that is almost exclusively 
u-.i.l I.H rantiM-irs, tlu)nj::h at timrsthin steel and iron wires have 
hnn nlih.t.l for ihr same pur|)o8e. Platinum has the advan- 
\i\yx o\i I oih« r metals that it is of a high specific resistance and 
lo\N |M>i Hir hrat. ami of a hi^h fusing temperature, therefore 
not immIn mt'lttMl when exposed to a high temperature. 
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25. Construction of the Cautery, — The resistance of a 
cautery seldom exceeds .1 ohm, while the volts vary between 
2 and 6 and the amperes between 1 and 50. A broad knife may 
take as much as 25 to 30 amperes at a pressure of 1 volt. If 
the cautery is a long, thin wire, considerable more E. M. F. may 
be needed, but the total energy transformed into heat may be 
small, because the resistance is higher. 

Some cauteries are made rather heavy ; this should be 
avoided, as thereby the resistance is lowered, and, conse- 
quently, a heavier current is needed to reach the same tempera- 
ture. There is then more danger of the rest of the circuit also 
getting heated, resulting in an increase of resistance and waste 
of power. The copper conductoi-s to which the platinum loop 
is attached should be of ample size and well insulated. The 
difference in pressure between these two copper wires is not 
great, but it is, nevertheless, important that no current passes 
from one to the other before it flows through the platinum loop. 
Therefore, the insulation should be good and should be of such 
material that it can be readily sterilized. Usually silk and 
asbestos are used for this purpose, being covered with varnish 
to make it waterproof. It is needless to say that absolute clean- 
liness should be the rule, so as to prevent organic matter from 
being lodged between the conductors. 

26. Resistance of the Cautery Circuit. — In Art. 16 
attention was called to the importance of having the whole 
cautery circuit, external to the cautery itself, of a minimum 
resistance. This emphasizes the importance of having all the 
joints and connections perfect, eloctrically considered. Metallic 
oxids are poor conductors, and, if found on any of the elec- 
trodes and joints, must at once be removed. For instimce, the 
ends of the cautery that are inserted in the handle should 
always be examineil, and, if oxidized, should be rubbed off 
with some fine emery-paper; likewise, the ends of the conduct- 
ing-cords that are inserted in the other end of the handle. Tlie 
connection between the several elements of the batterv should 
also be frequently inspected, as corrosion is, in particular, liable 
to occur in the presence of acids. 
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It has already been remarked in Art. 15 that the cautery, 
after coming in contact with moist tissue, is considerably cooled. 
As a consequence, some allowance should be made so that the 
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ciuitery may recoivo a somewhat heavier current when in active 
operation than that which seems sufficient to make it glow 
while siirroundod bv air. 

27. Variety of Caiiterios. — Fig. S shows a few forms of 
cauteries most in use Wliere a larger 
inean^h'scrnt surface is recjuired, a looj) 
or spiral of platinum, su]>j)orted iii 
grooves on a ])()rcelain mount, is made 
as sliown in Fig. IK the jjorcelain being heated to redness with 
the platinum. 

28. Cautery Handle. — Fig. 10 shows the cautery han- 
dle into which ;niv (A thi» cautt'ries may i)e inserted and, 
likewise, part <>f the condiieting-eonls by which the current i^ 
Sent from tin* transform<'r to the eauterv. 

TIh' aim should be to have the cautery handle light and 
Well baianct-d, othcrwi^r the drlicHv of the operations, for 
whirli the caiittiics, as a ride, are used are interfered with. 
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The metal handle should be well insulated from the end sockets 
into which the conductors and cautery are inserted. 

Some handles are provided with an interrupter for starting 
and stopping the current through the cautery. This has some 
objections, mainly this, that the hand of the operator has to 
perf' rra an additional motion, which of necessity nmst inter- 
fere with the stability of the cautery. A better method would 
be to use a foot-switch or to have an assistant do the starting or 
stopping of the current. 

29, Cautery Snare. — For the removal of a greater quantity 
of tissue the electrocautery snare is used. The ordinary handle, 
as shown in Fig. 10, may also ])e used for operating this snare. 




Fig. 10 



and is then provided with a little wheel by means of which the 
platinum snare may be drawn up. This arrangement does not 
seem to be very satisfactory, as it is diflicult to produce an 
even pull and to prevent a certain jerkiness. In many opera- 
tions where the cautery snare is used, it is required to submit 
the latter to a constant pull, and, in some cases, of considerable 
strength. The handle, Fig. 11, is constructed with the aim of 
fulfilling these requirements. Here the fingers are inserted in 
the three rings, and by bending the fingers towards the thumb, 
the snare is drawn in with an even motion and with a sj)eed 
that can be easily regulated. When using the snare it should 
be remembered that, while it is l>eing drawn into the handle, 
its resistance is constantly decreasing. TIk^ resistance of the 
circuit should, therefon*, be corre.sjJondin^Hy increased, other- 
wise there is danger of the platinum wire being overhciitcd and 
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nielt^H). Thi> snare liandle here illustrated has a resistance that 
is aiit(>iiiati(.^ully increased while the snare is being shortened. 





itO, notlliit's Iiiclisor. — A spDcial form of cautery is 
BMini'i incisxt, Fig. 12, utu-'d fur incision of tlit^ i)roBtrate 
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gland. The female shaft F contains the cautery knife P, which 
may be moved in or out by turning the wheel H, To keep the 
shaft cool while the cautery is heated, a stream of cool water is 
circulated through the handle O and shaft F by letting the 
water pass in through the pipe K and out through the pipe IC, 
(7 is a plug that, inserted in a sleeve, connects it with the 
copper conductors. The advantage of the cautery is perhaps 
here shown at its best. While the shaft is being inserted the 
blade P is entirely covered and the whole is cold. The current 
is sent through the cautery after the desired position has been 
found and the operation performed in about a minute, after 
which the cautery is again sheathed, the current cut off, and the 
whole withdrawn in a cool condition. 



ELECTRIC LIGHTING 



INCANDESCENT liAMPS 

31. Tlie Filament. — The active part of an incandescent 
lamp is a thin filament of carbon mounted on platinum wires 
that are sealed in the neck of an evacuated glass globe. The 
thickness of the filament determines the resistance of the lamp 
and, thus, the voltage necessary to send a current of a given 
strength through it. In some small lamps a platinum wire is 
used in place of the carbon filament. More care is then 
required in using the lamps, as a current of too great intensity 
is liable to fuse the platinum. 

32. Unit Candlepower. — The light that an incandes- 
cent lamp emits is measured in candlepowers, some lamps hav- 
ing as little as J candlepower and others as much as 1,000. 
The standard candlepower is the light produced by a candle 
burning 2 grains of spermaceti wax per minute. 

33. Variation In Candlepower. — The lamps ordi- 
narily used for offices and ()j)erating- rooms are 16 candle- 
power, which is abbreviated to 16 c. p. The number of candle- 
powers that a lamp is able to give out depends on the amount 
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of electric power tliat the lamp transforms into light and heat 

Wc have already seen that electric power is measured in watts, 

and the numl>er of watts that a lamp utilizes is found by 

multiplying together the pressure and strength of the current 

through the same. 

For instance, the resistance of a lamp may be 220 ohms and 

E 110 
thr voltage 110. The current-strength is then C= j^ = ^r^ 

-■■ .5 aniprrr. The product of voltage and amperage is 
11()> .T) 5') watts. The number of watts required to pro-, 
(hior 1 caiidk'powrr varies between 3 and 4.5; small lamps 
used for diagnostic ])urpoB<« may require as much as 8 watts per 
can(il('iH.\vir. Counting, in this instance, 4 watts per candle- 
pnwcr, wf lind the randlo])Ower of this lamp to be ^^ ^ 13.75. 
This is wIkii tlu* lamp is new, hut its candlepower is not 
coii>tant. A gradual decrease of the latter goes on, caused 
partly \*y the tli>integration of the carl)on filament, whereby 
its dial inter is reduced and its resistance correspondingly 
increased, and ])ait]y, also, by the deposition of the removed 
oarhon j>artit'les an the inside of the lamp-globe. The latter 
is thereby made more or less opaque and the efficiency of the 
lamp reduiu'd. 

The lamps used for diagnostic purposes vary in illuminative 
power from 1 to H\ (•andle|K)wer. The pressure required for 
their operation is u>ually between 4 and 110 volts. It is clear 
that the same eandlepower may be produced by lamps of vary- 
ing voltage and am])erage as long as the watts consumed are the 
same. For instance, a lamp of 10 volts and .75 ampere would, 
the(^retically, have the same candlepower as one with 6.5 volts 
and 1.25 amperes. In both cases the number of watts utilized 
is T.T), but in general it is found that lamps using more than 
.*.> am|»ere are more cilicient than those requiring a smaller 
current-strength. 

The laide on tlie following page shows, approximately, the 
variations in voltage and ami>erage for the same candle])ower. 

»J4. Selo<»tlon of Lumps. — When procuring ordinary 
diagnostic lamps, considerations sht)uld be had of the available 
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voltage and a lamp selected that ie most suitable for it. To be 
on the safe side it is well, for small lamps, to count about 
8 watts per candlepower. The following example will show how 
such calculations are to be carried out. To find the total num- 
ber of watts required for a lamp of a given candlepower, 
multiply the candlepower of the lamp by the number of watts 

TABIiE III 



1 0. p. from 3 volts and .8 ampere to 8 volts and .3 ampere 

2.5 c. p. from 5 volts and 1.4 amperes to 25 volts and .45 ampere 

5 0. p. from 5 volts and 3.0 amperes to 65 volts and .35 ampere 

8 c. p. from 10 volts and 2.8 amperes to 120 volts and .3 ampere 

16 c. p. from 15 volts and 3.7 amperes to 160 volts and .4 ampere 

25 c. p. from 40 volts and 2.2 amperes to 120 volts and .7 ampere 

32 c. p. from 50 volts and 2.3 amperes to 120 volts and .9 ampere 

50 c. p. from 50 volts and 3.5 amperes to 120 volts and 1.4 amperes 

100 c. p. from 50 volts and 7.0 amperes to 120 volts and 2.9 amperes 



per candlepower, or, total watts W= total candlepower X watts 
per candlepower. For example, an 8-candlepower incandescent 
lamp requires 3.5 watts per candlepower; how many watts are 
needed for its operation? fF= 8 X 3.5 = 28 watts. A current 
of 10 volts is available; how many amperes will it require? 
According to Art. 20, Direct Currents, ]V=EX C, therefore, 

C=-^ =: ^^ = 2.8 amperes. 

35« Selection of a Battery. — The same battery that will 
serve to operate a cautery will not, as a rule, be able to run an 
incandescent lamp unless the battery is rearranged to fill the 
new requirements. The reason for this is that in a cautery we 
have to do with a very low resistance, ])erhaps as small as .025 
ohm, while in an incandescent lamp the resistance may be as 
high as 400 ohms, depending on the candlepower of the lamp 
and the pressure of the current. In the cautery it is a question 
of developing a maximum of heat, and in the incandescent 
lamp a mininnmi heat with a maximum of li<iht. 

As the lamp has a resistance so much higher than that of the 
cautery, it is necessary to have a battery with a high K. M. F. 
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and a relatively small current-strength. The resistance of the 
battory in this instance plays a more subordinate rdle, because 
the ampeni}j;e is small, and, therefore, the product of current 
into n'sintanc'e, that is, the loss of potential, cannot reach the 
hei^'ht it would in a cautery circuit. It is thus seen, that while 
ill a cautery -battery the aim is to produce a maximum current- 
strength by putting the cells in paraUelj in an incandescent 
Iani{>-battery the aim is to produce a higher voltage by placing 
the cells in tteriea. Whether cither of these combinations alone 
is sufficient to produce the desired voltage or amperage will 
depi^id to a great extent on the K M. F. and the resistance of 
the individual cells, and on the current-strength demanded either 
by the cautery or the lamp. 

Suppose, for instance, that an incandescent lamp with a 
resistance of 4.8 ohms requires a current of 1.25 amperes to 
bring it to j)roper incandescence. A battery of six Edison- 
Lalande cells, used for the cautery, is at hand, and it is 
desirable to ascertain if these are able to run the lamp. The 
E. M. F. of each cell is .7 volt and internal resistance .03 ohm. 
Arranging the cells in series we find the current-strength, 
according to formula (6), Art. 128, Direct (hirrents^ to be 
n- ^^ X .7 _ 4.2 _ 

^ '-'-' s r f'R' G X rOS+XS ~ 4M " '^^ *°^P«^- 

The result shows that this number of cells is entirely inade- 
quate for lighting this ])articular lamp. This does not mean 
that a greater number of cells may not do so, or that another 
lamp rtMiuiring less ])ressure may not be run successfully. 

On taking six bichromate cells, each of 1.9 volts E. M. P. and 

,5 ohm's resistance, we fnul, on arranging them in series, that 

6x19 
thev will give a current of C--^ ^ --rr, = 1.46 amperes, 

^ 6 X. 5 + 4.8 ^ ' 

a current of sufficient strength to light the lamp and to allow 
tlie insertion of a resistance for regulation. 

The nunii)er of watts utilized in a lanij) may, of course, be 
varied, either by increasing the E. M. F. or the amperage of the 
current, or bv decreasing the resistance of the circuit, the latter 
method being acconiplislicd i)y the use of a rheostiit. It should 
be remcml)ered, however, that increasing the candlepower beyond 
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that at which a lamp is rated is very injurious and results in a 
quick deterioration of the same. 

« 

36. Using: the LiigrhtinK Current. — The other means 
used for operating the diagnostic lamp are the same as those 
used for the cautery, with the modifications in E. M. F. and 
current-strength, which have already been mentioned. The 
transformer shown in Fig. 5 is made both for light and cautery, 
the coil on the left giving the current for the light and on the 
right for the cautery. In other cases the current is received 
directly from the lighting circuit, but may then have to be 
reduced to the required voltage by means of a rheostat, which 
is not a very economical method. Rotary transformers may 
also be used for this purpose, from which a current is received 
with the correct voltage. When the commercial current cannot 
be obtained, recourse must be had to a battery, either made up 
of voltaic cells or storage-cells. Voltaic cells in the form of 
dry cells have also been used successfully. 

37. Portable Battery. — When using voltaic cells for 
office-work, the gravity, bichromate, and Edison -Lalande cells 
are all serviceable. For portable purposes the dry cells are the 
most desirable. The formulas given for combining cells for 
cautery purposes are also used when calculations have to be 
made to ascertain the best combination for operating a given 
lamp. As a lamp of, say, 8 candlepower is made for a voltage 
varying between 10 and 120 volts, it is well to procure a lamp 
of a voltage that will be run by a battery of minimum weight, 
when intended to be portable. If, for instance, the voltage is 
too high, then a large number of cells are re(|uired, which, in 
case of a storage- battery, would be inconvenient. It would 
here be better to have the voltage as low as possible in order to 
require a minimum number of cells. For portable purposes 
the dry cells are to be preferred. They are not ciuite as econom- 
ical as the ordinary cells, but tiiey are very clean, require no 
attention, and do not deteriorate when not in use. They may 
be bought in quantities ready for replacing worn-out cells. . This 
matter of deterioration is quite an item with storage- batteries, 
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38. Ilead-Ught. — For i<itgnirft*r porpoaa the lamp ta 
nquired to light only a limited ana, and far tbia ifaoo it ii 
poerible to concentrate the illunuutioa in one £metian. Oon- 
eeqoentlr, the illuminative ponr of the lamp Im a ^vcn ana 
mar be in<:reafed fi>urfold to firelald, dqmdii^ on the ana 
and the means used for ctMicentration. It ia alio of additional 
adranlage t<> hare the nperaUir's ejta diiddfld bom the lampv 
in order to Btudjr the iiluminated parta to the b«afc advaotaga. 




Flu. 13 

Such ail inHtrument is shown in Fig. 13, where the lamp with 
itH r*;ilL(rtor and otiidunser iii fastened l>y nieans of a I>elt. The 
<){>onktor in then allowed tliu use (4 both hands and can also 
chanfje tlie direction of the light to suit the requirementa. 
When it is impossible in this manner to throw the light on the 
piirtH desire<l, as, for instanco, in throat and nasal ezamina- 
tions, a liand-lamp may be used, as shown in Fig. 14. 
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39* Cystoscope. — When it is desirable to illuminate cavi- 
ties and observe the surrounding walls, such as the stomach or 
bladder, it is necessary to send the light reflected from these 




Fio. 14 



walls through a long tube and to enlarge the image thus found 
by means of suitable lenses. This is done by means of the 
cystoscope illustrated in Fig. 15. ^ is the lamp situated at the 
extreme end of the tube T. B is a prism that receives the 
image and refracts it through the tube in a longitudinal direc- 
tion and througli a lense placed at (7, where it is magnified. 
As the lamp generates some heat, several designs have water 




Fig. 15 



circulating through the tube for the purpose of cooling it. The 
filaments in these small lamps are quite delicate and they 
should be handled with care to avoid j)ermanent injury. 

40, Urethroscope. — Fig. 16 illustrates an improved form 
of urethroscope in which the lamp is held more securely than 
in most other forms, and where there is less danger of getting 
the application entangled with the lamp. The main tube is 
marked a and is provided with an opening at its extremity 
through which the obdurator h projects. The latter is grooved 
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on its under side so as to allow space for the lamp. The tube, 
obdurat<^)r, and lamp are all introduced simultaneously into the 
urethra, as shown in Fig. 16 (a). The handle h is provided 
with studs /, to which are attached the conducting-cords from 
the battery. On the front and rear of the handle are push- 




Fig. 16 

buttons e for starting and stopping the current. Fig. 16 (6), 
(r), {({) shows the obdurator, the lamp with its carrier, and the 
tube (I without the obdunitor. By reason of the position of the 
lamp there is more direct illumination of the urethra, and 
the degree of heat imparted to the urethra by the lamp is 
reduced to a minimum. 



A SERIES OF QUESTIONS 

Relating to the Si'iuects 
Treated of in This Volume. 



It will be noticed that the questions contained in the follow- 
ing pages are divided into sections corresponding to the sections 
of the text of the preceding pages, so that each section has a 
headline that is the same as the headline of the section to 
which the questions refer. No attempt should be niade to 
answer any of tlie questions until the corresponding part of the 
text has been carefully studied. 



The Physics of Roentgen Rays. 



EXAMINATION QUESTIONS. 

(1) What difference is there between the static machine 
and other sources of electric energy, as regards the production 
of Roentgen rays? 

(2) Why cannot the current from batteries, dynamos, etc. 
be used directly for producing Roentgen rays? 

(3) What factors determine the strength of an electric 
current? 

(4) Can you name some other instances in nature where 
these properties play the same role? 

(5) What is meant by the electromotive force of a current ? 

(6) To what does the amperage of a current refer? 

(7) What other terms can you name that are equivalent 
to electromotive force? 

(8) Does intensity refer to pressure or rate of flow? 

(9) What unit is used to express the power of a current? 

(10) What two factors must be known in order to deter- 
mine the power of a current? 

(11) A current with a pressure of 5 volts flows at the 
rate of 20 amperes. What is its power in wjitts? 

(12) How much greater ])ower has a current of 100 volts 
and 2 amperes? 

For notice itf copyriijht, nn' imiji iunmtlidtfhj JfAUtwitnj th tith ihuj*.- 
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(13) Has the length, sectional area, and interior surface 
of a tube any eflfect on the final pressure and flow of water 
through said tube? 

(14) Name the factors that influence an electric current 
in a similar manner. 

(15) How does tlie U^mperature of a conductor affect its 
resistance ? 

(16) When is a terminal of a battery called positive? 

(17) Of what sign is the cathode? 

(18) What term is applied to a current that flows in one 
direction onlv? 

(19) Why is a current called alternating? 

(20) What does a source of electric energy really represent? 

(21) What is meant by a voltaic cell? 

(22) In what direction does the current flow through the 
negative pole of a voltaic cell? 

(23) Is there any j)ressure in a voltaic cell if no current 
is flowing through it? 

(24) What ciTect does an increase in resistance have on 
the current tlowing through a circuit ? 

(25) What efTect does the pressure have on the current 
strength, according to OhnTs law? 

(20) IIow is the eurrent strength found by means of 
Ohm's law? 

(27) If the ])ressure ])rodiice(l l»y one cell is insufficient 
ami two cells are reiiiiircd, how should they be connected 
ami what is tliis coinhinatioii termed? 

(tiS) If the current strength derived from one cell is too 
weak and three cells are needed, how must they l)e connected, 
and what is the term apj)lie(rto this combination? 
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(29) If six cells are to be arranged so as to give a current 
with a pressure of three cells and a volume corresponding to 
that of two cells, how should they be arranged, and what 
combination do they constitute ? 

(30) If a cell furnishes a current of 3 amperes for 40 hours, 
how many ampere-hours does it give ? 

(31) What does an accumulator really store? 

(32) What terminal of a storage- battery, when undergoing 
charging, is connected to the positive terminal of the charging 
device? 

(33) What percentage is usually added to the ampere-hours 
of a storage-battery when the time of charging is being calcu- 
lated ? 

(34) If an accumulator has a capacity of 600 ampere-hours 
and is charged at the rate of 6 amperes, how many hours are 
required ? 

(35) Does the E. M. F. of an accumulator have any effect 
on that of the charging current? 

(36) What is meant by the ^^gassing'* of a storage- battery, 
and when does it take place? 

(37) Why is it important that the rate of charging and 
discharging a storage- battery be kept within certain limits ? 

(38) If a lighting circuit is used for charging an accumu- 
lator at the rate of 5 amperes, and incandescent lamps are used 
as resistance, how many 16-candle- power lamps will be required, 
and how are they arranged ? 

(39) What is the function of a rheostat? 

(40) What purpose doe* a motor-generator serve? 

(41) Why is it that a current of electricity resists a sudden 
starting and stopping ? 

(42) If a current, while flowing from left to right in a 
conductor, is suddenly stopped, what influence will this have 
on another conductor parallel to the first ? 
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(43) What is meant by an extra current? 

(44 ) What means are used for making the interruption of a 
current approximately instantaneous? 

(45) f^a) What happens when the armature H^ Fig. 14, is 
attracted by the core C? (6) WTiat path does the extra current 
follow ? 

(46) If the gap in a secondary circuit is too large for the 
closing current to bridge, but small enough for the breaking 
current, what will be the nature of the current in the secondary 

coil? 

(47) If the diameter of the wire used in the secondary coil 
is greater than that in the primary coil, and the number of 
windings is less, how is the pressure in the secondary coil 
relative to that in the primary ? 

(48) Is it sutlicient to judge the efficiency of a coil simply 
by measuring its sparking distance? 

(41); What determines the power of a coil? 

(50) What is the objection to a simple spring interrupter? 

(')!) Ill what respect does an independent spring inter- 
rupter (litTor from an ordinary spring interrupter? 

(52 ) How does the rate of interruptions affect the current- 
streiigtli through the primary coil? 

I 53; Why is it important that a current should not be sent 
through the primary coil before the interrupter is in action? 

<: 54 ) If the discharge of a storage-battery proceeds too far, 
what effect does it have? 

(55) From what part of a Roentgen ray tube do the 

ravs ])roceed? 

(5()) What effect does the size of the focusing point have 
on the sharpness of the skiagraph ? 
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(57) What is the function of the anticathode? 

(58) If the vacuum of a tube is varied, what eflfect has 
this on the character of the rays? 

(59) In order to get the most use from a Roentgen ray 
tube, what should be the condition of its vacuum when new? 

(60) What is the advantage of a self -regulating tube? 

(61) To what do the terms ** hard *' and ** soft '* refer when 
applied to a Roentgen ray tube? 

(62) To diflFerentiate between dense substances what should 
be the condition of the tube ? 

(63) If maximum differentiation is desired in substances 
of small density, should a soft or a hard tube be used? 

(64) If under any conditions maximum differentiation is 
the aim, what should be the penetrating quality of the rays 
relative to the density of the integral parts? 

(65) What effect has a series spark-gap when inserted in 
a Roentgen tube circuit? 

(66) Does the specific gravity of a substance .have any 
eflfect on its permeability to Roentgen rays? 

(67) What is the relative transparency of glass and lead? 

(68) If maximum definition of an object is desirable, what 
position should it occupy relative to the fluorescent screen or 
sensitive plate? 

(69) When it is required to remove the confusing effect 
of certain parts, how should they be placed with regard to 
the sensitive plate? 

(70) Should it be of advantage to have all the con- 
stituent parts appear with nearly ecjual diifinition, what posi- 
tion should the Roentgen ray tube occupy relative to the object? 
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(71) Do the surnmndings of a Roentgen ray tube take 
any |>art in radiating Roentgen rays? 

(72) What is the cause of the distort! ve effect of Roentgen 
ravs ? 

(73) To prevent distortion in a skiagraph of any particu- 
lar ohjeot, what position should the same occupy relative to 
the tulKj? 

(74) In order to kx^ate a bullet in a body a double expo- 
sure has )>een made while the tube was 14 inches above the 
st»nsitive plate. During either exposure the tube occupied a 
|>4>sition 6 inches tt) the left and right, respectively, of the 
zen> point in Fig. 43. The distances between cand/ and the 
center of the j>late are 3 and 4 inches, respectively; find the dis- 
tance of the bullet above the plate and the distance between 
the l)iilK't and the center line wi^ "o> ^^8- ^^' 

(7.'>) What other means, founded on the motion of the 
object relative to the Roentgen ray tube, are there for locating 
the position of an object? 

(70) To receive the full benefit of fluoroscopic examination, 
what should be the condition of the operating room and of 

*Jie ()i)eralor's eyes? 



SKIAGRAPHY. 



EXAMINATION QUESTIONS. 

(1) What does a skiagraph really represent? 

(2) What means are there at present for making visible the 
shadows produced by Roentgen rays? 

(3) Name the active ingredients in the gelatine coating of a 
sensitive plate. 

(4) Why is a red light used for the dark room? 

(5) When handling sensitive plates before exposure and 
development, what precautions should be taken to avoid mis- 
leading marks? 

(6) What precautions should be taken when storing sensi- 
tive plates? 

(7) Why is the sensitive layer of a Roentgen ray plate 
placed so as to face the tube? 

(8) What purpose does the intensifying screen serve? 

(9) Does the intensity of the Roentgen rays vary in the 
same ratio that the <lisiance bi'tweon the tube and plate is 
varied ? 

(10) What other factors, besides distance, affect the length 
of exposure? 

J'^n- notice of ntpyrifiht, nrf jHiiff immMiatfbi fitUowintj tht titlr ftai/f. 
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(11) What is the process of '* developing" a sensitive 
plate? 

(12) In covering a plate with the developer, what pre- 
cautions must be taken? 

(13) When an overexposure has been made, is there any 
difference whether this has been produced by means of a hard 
or a soft tube? 

(14) Why should the aim be to produce contrasts in develop- 
ing the skiagraph? 

(15) If an overexposure has been made, what means should 
be used lo counteract the rapid development of a skiagraph? 

(IG) If an underexposure has been made arid the develop- 
ment proceeds too slowly, what can be done to accelerate the 
development? 

(17) By what signs will a skiagraph indicate an overex- 
posure or an underexposure? 

(IS) While observing the appearing image of a skiagraph 
underjiointj: development, how can a distinction be made as to 
whether it is overexi>ose(l or underexposed? 

( 10) What j)recautions should he taken while handling the 
fixing solution? 

(201 What is the ditTerenee between a positive and a 

negative? 

( 2\) In viewini: an ordinary negative and a skiagraph from 
their L'lassy side, state what difTerenee is found in regard to the 

position ot the int(\ural ])arls. 

(22) In order to, in (Mther case, receive a correct impression 
of the relative jio.-itions of the parts, how should they he 
viewed'/ 
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(23) If a positive is made from a skiagraph, what it? there 
to be said regarding the position of the parts shown in the 
same? 

(24) Explain the diflference in perspective between a skia- 
graph and a picture of the same object. 

(26) In viewing a skiagraph from its film side, why are the 
parts with clear outlines usually overlapped by other parts 
shown more or less diffusely? 



Practical Applications of Roentgen 

Rays. 



EXAMINATION QUESTIONS. 

(1) How are the margins of the orbit, the nasal bones, and 
the antrum Highmori best skiagraphed ? 

(2) Describe the method of locating a bullet in the eye. 

(8) What is the best position of the patient to take a sTfia- 
graph of the neck ? 

(4) What may be said of the value of Roentgen rays in 
locating foreign bodies in the throat? 

(5) What is the special value of the fluoroscope in examin- 
ing the intrathoracic organs ? 

(6) Why is the image of the anterior aspect of the ribs 
diffused in anterior irradiation ? 

(7) In what position is the heart best skiagraphed? 

(8) What may be said of a clear skiagraph of the dorsal 
vertebrae ? 

(9) Why are the outlines of the heart better seen during 
fluoroscopy than in skiagraphy ? 

(10) What is the advantage of Roentgen rays in the early 
stage of aortic aneurism ? 

(11) What may i)e said of fluoroscopy and skiagraphy in 
the examination of mediastinal tiunors? 

For notict of copyright, scr paij* immnliaUltt fnlUtwiun the titU ;«!<;<■. 
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(12) State the value of Roentgen rays in determining the 
treatment of traumatic pericarditis. 

(13) How is a pyothoracic cavity skiagraphed? 

(14) How are the outlines of the stomach made visible? 

(15) State the principal benefits of abdominal skiagraphy. 

(16) What is the most important requisite for skiagraphic 
success in the diagnosis of cholelithiasis ? 

(17) In skiagraphing for cholelithiasis, state (a) the 
position of the patient; (6) the time of exposure; (c) the 
direction of the rays. 

( 1 8) Why must great care be taken to place the tube in the 
proper direction when exposing for cholelithiasis? 

(19) In skiagraphing the kidneys, state (a) the quality of 
the tube used; (6) the position of the patient; (c) the time of 
exposure. 

(20) State the greatest usefulness of Roentgen rays in renal 
disease. 

(21) Who first skiagraphed a renal calculus? 

(22) Is a good skiagraphic plate conclusive evidence in the 
diagnosis of renal calculi ? 

(28) What is the chief characteristic of a reliable renal 
skiagraph ? 

(24) In what position is a vesical calculus best skiagraphed ? 

(25) Why should a lateral exposure always be made in 
skiagraphing for vesical calculus ? 

(20) How may the outlines of tumors of the stomach be 
skiagraphed ? 

(27) Stilt e the value of skiagrai>hy in determining the 
treatment in spina bifida. 
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(28) State the use of Roentgen rays in gynecology and 
obstetrics. 

(29) In skiagraphing the pelvis, state (a) the position of 
the patient; (h) the quality of tube; (c) the time of exposure. 

(30) State the difference between the skiagraphs of a nor- 
mal hip and a hip in the first stage of tubercular inflammation. 

(31) State the value of Roentgen rays in the early stage of 
the different inflammatory processes of the hip-joint. 

(32) Describe a skiagraph of arthritis deformans. 

(33) State the differences between the skiagraphs of a nor- 
mal knee-joint and a tubercular knee-joint. 

(34) Of what service are Roentgen rays in determining the 
treatment of osteomyelitis? 

(35) What is the characteristic skiagraphic feature of osse- 
ous cysts in contradistinction to osteosarcoma? 

(36) State the best position to skiagraph (a) the metatarsal 
bones; (6) the tarsal bones. 

(37) Why^should two different skiagraphs in two different 
positions be always taken in every case of suspected fracture? 

(38) What is necessary to always bear in mind in interpret- 
ing the skiagraphs of children? 

(39) How is a good skiagraph of a shoulder-joint best 
obtained? 

(40) What is the significance of a good skiagraph of a frac- 
ture in estimating the degree of functional disability? 

(41) What complications of Colles' fracture have the Roent- 
gen rays shown to be of quite fretjuent occurrence? 

r42) If there is no displacement of the fragments, what may 
be said of the fracture line if the skiagraph is taken immediately 
after the accident? 
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(43) What is the quality of the tube required to reproduce 
the presence of a fissure in bone? 

(44) What has skiagraphy proved to be the cause of bony 
ankylosis following CoUes' fracture? 

(46) State the services rendered by Roentgen rays in dis- 
eases and injuries of the hand. 

(46) What may be said of skiagraphy in difiFerentiating the 
various inflammatory processes from new growths of bones and 
joints? 

(47) When utilizing the rays for therapeutic purposes, state 
(a) the quality of the tube; (b) the time of the first exposure; 
(d) the frequency of the exj)osures; («) the means of protecting 
the healthy parts. 

(48) In what class of diseases is Roentgen ray therapy now 
generally used? 

(49) What qualifications are necessary in order to correctly 
interpret 8kiagra})h8? 

(50) What are the most frequent dental uses of Roentgen 
rays? 

(51) What are the advantages of the film in dental 
skiagraphy? 

(52) At what distance from the film is the tube generally 
placed in dental work? 



Physics of Light and Cautery 



EXAMINATION QUESTIONS 

(1) Into what forms may the energy of an electric current 
be changed while passing through a circuit? 

(2) What difference is there between the molecules of 
different substances With regard to the quantity of heat required 
to heat them to the same temperature? 

(3) What influence has the individual weight of a 
molecule on the number of molecules required to make up 
a certain mass? 

(4) If a certain mass contains a great number of molecules, 
how will this influence the amount of heat necessary to raise 
it to a given temperature? 

(5) How does the specific gravity of a 8U Instance affect the 
amount of heat that it will take up before it has attained a 
given temperature? 

(6) What is meant by the qiecific heat of a substance? 

(7) What is understood by a calorie f 

(8) If it requires 60 calories to raise the temperature of a 
platinum wire 10° C, how many calories does it take to pro- 
duce an equal rise in the temperature of a piece of copper wire 
of the same weight ? 

For notice of copyright, gfepniK immaUatdy fttlUnvinij the title page. 
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(9) (a) If a current of 10 volte and 5 amperes paaseB 
through a conductor, how msnj calories per second are 
developed in it? (6) How many foot-pounds per seocmd will 
these calories represent? 

(10) A current of 8 amperes passes ihiou{^ a resistanoe of 
2 ohms for 1 minute. How many calories have been developed ? 

(11) If a conductor first transmite a current of 4 amperes 
and later on a current of 8 ampereS| how many more calories 
are developed in the latter case? 

(12) When the heat developed in one part of a conductor 
is leaking along the conductor to other parte, by what means 
does this loss take place? 

(13) If the small incandescent lamp of a cystoecope inserted 
in a cavity of the body heate the surrounding walls^ by what 
means, in this instance, is the heat transmitted to said walls? 

(14) How does a resistence-coil of iron or copper heat the 
surrounding air? 

(15) When an electric current is pacing continuously 
through a conductor and constantly transforms part- of ite 
energy into heat, what limite, in general, the final temperature 
that the conductor is able to attain? 

(16) A copper conductor having an initial resistance of 120 
ohn)8 has its temperature raised 80^ C. What increase in 

resistance has taken place? 

(17) If it is desirable to use a conductor whose resistance 
is unaffected by clianges in its temperature, what material 
would be fc«uilable fur such conductor? 

(1<S) If a carbon md has a resistance of 5,000 ohms, and 
its conductivity is increased at tlie rate of .03 per cent. 
per dt"gree centigrade, wliai will be the resistance when ite 
temperature is raised 70*^ C? 
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(19) Some salt is added to a vessel of water whereby its 
resistance is reduced to 500 ohms. Supposing that it sufifers 
a decrease in resistance of .6 {>er cent, per degree centigrade 
increase in temperature, what will be its resistance when the 
temperature of the solution has risen 40^ C? 

(20) If part of an electric circuit is heated, has this part 
any effect on the remaining part of the. circuit, as r^ards 
current-strength and temperature? Give reasons. 

(21) Part of a heated conductor is suddenly dipped into 
cold water. What effect has this on the total resistance of the 
circuit? Does it affect the temperature of the parts not 
submerged ? 

(22) What important adjunct should there be in every 
cautery circuit to insure a constant temperature of the cautery ? 

(23) If a great number of watts should \ye dissipated in the 
form of heat in an electric circuit of low resistance, what other 
factor must be increased to obtain a sufficient quantity of heat ? 

(24) If the resistance of a cautery is very low, why is it 
that the resistance of other parts of the cautery circuit must he 
still lower? 

(25) Is there any objection to having a cautery circuit with 
a resistance just low enough to give sufficient current to the 
cautery and with only a small adjustable resistance in the cir- 
cuit? Give reasons. 

(26) What should be the properties of voltaic cells used 
for cauteries? 

(27) A cautery circuit, in which the joint resistance of the 
cauter}' and conductors is .04 ohm, is operated l)y three cells in 
parallel, each having a resistance of .03 ohm and an E. M. F. of 
.7 volt. What will be the current-strength in the circuit? 

(28) What would be the current-strength if the same cells 
were arranged in series ? 
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(29) Whst objection is there to using a direct coirent from 
a lighting circuit for cautery purposes? 

(80) Mention a method by means of which a direct lighting 
current may be used economically for cautaries. 

(81 ) Why is the cautery transforms, illustrated in Fig. 5, 
not as efficient as some other forms where the coils are 
imbedded in laminated iron? 

(82) What precaution should be taken when using a 
cautery-snare to prevent the overheating of the platinum wire? 

(88) A certain incandescent lamp requires 4 watts per 
candlepower. If the total candlepower is 8 and the voltage 10, 
what current-strength is required to operate the lamp ? 
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